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LIST OF ABBREVIATIONS 
Terms and abbreviations are listed in order of appearance 
within the text. 
Term Abbreviation 
Nitrogen N 
Total nonstructural reserve carbohydrates TNG 
Dry matter DM 
In vitro dry matter digestibility IVDMD 
Crude protein CP 
Crude fiber CP 
Nitrogen free extract NFS 
Total digestible nutrients TDN 
Cellular contents CC 
Cell wall constituents CWC 
TNC including acid hydrolysis HTNC 
TNC without acid hydrolysis NHTNC 
Neutral detergent fiber NDF 
Acid detergent fiber ADF 
True digestibility TD 
Estimated apparent digestible dry matter EADDM 
Estimated true digestible dry matter ETDDM 
Estimated modified digestible dry matter EMDDM 
Ratio of silica to ADF SILADF 
Silica plus lignin SILIG 
Ratio of silica plus lignin to ADF SILIADAF 
Ratio of hemicellulose to silica HESIL 
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INTRODUCTION 
The demand for protein derived from animal products is 
increasing in the world, and is predicted to increase even more 
in the years to come. 
The tropics, in a pastoral sense, can be defined as the 
area lying between 30°N and 30°S of the Equator, which in­
cludes 47.7 percent of the land area. This area supports 
49.1 percent of all the "cattle units",^  but the output of 
usable products comprises only 35»3 percent of the meat, 21.7 
percent of the milk, 21.0 percent of the butter, and 14.0 
percent of the cheese (Davies, i960). 
Livestock compete with humans for cereals and oilseeds, 
especially in the tropics, but can use other sources of feed 
unusable directly by man, like roughages which are produced 
abundantly in the area (Moore, Putnam ana Bayley, I967). 
One of the causes of low efficiency within the animal 
industry in the tropics has been the lack of knowledge pertain­
ing to physiology, management and quality of forages. Our 
knowledge of the nutritive value of tropical grasses is not 
only limited because of the small amount of research related 
thereto but is also confused because of conflicting reports 
on studies of similar problems from various tropical regions. 
It is possible that these conflicting reports are the 
O^ne "cattle unit" = 4^ 4 kg cattle beast or its equiva­
lent. Includes the domestic animals only, cattle, buffalo, 
sheep, goat, horses, camel, asses, mules (Davies, I96O). 
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result of an attempt to compare the quality and behavior of 
different forage species in different climatic environments 
(Tessema, 1972). 
Tropical grasses have been reported as having lower feed­
ing value than temperate grasses due to quick decline in di­
gestibility and protein level with increasing maturity, but 
this assertion may be based on inadequate information or it 
may come from trials in which the characteristics or management 
requirements of the species involved were ignored. 
Among the most widespread species in the wet tropics are 
elephant or napiergrass, Pennisetum purpureum Schumach; 
guineagrass, Panicum maximum Jacq., and paragrass, Brachiaria 
mutica (Forsk.) Stapf. Their potential as forage producers 
is well recognized, but little is known about their physio­
logical characteristics in regrowth, the amount and place of 
storage of reserve carbohydrates, the effect of dry and wet 
season, and the effect of nitrogen (N) fertilization on 
forage quality and production. 
Studies with these three species were conducted in 
Medellin, Colombia, South America, with the following objec­
tives: 
1. To investigate the pattern of accumulation and deple­
tion of total nonstructural reserve carbohydrates 
(TNC) as affected by season and N application. 
2. To determine the amount of regrowth during the first 
3 weeks after harvest. 
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3. To measure certain characteristics of these species, 
namely, height, number of stems, and leaf to stem 
ratio under tropical conditions. 
4. To observe the changes in dry matter (DM) yield, 
percentages of in vitro dry matter digestibility 
(IVDKD) and crude protein (CP), and to determine the 
recovery and efficiency of applied N as affected by 
season. 
5. To use data from chemical analyses for prediction 
equations to estimate IVDMD. 
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REVIEW OF LITERATURE 
Description of the Species Used 
The species used in this study were napiergrass, guinea-
grass, and paragrass. These species are among the most common 
and widely distributed throughout the wet tropics; they are 
fast-growing grasses which, according to Bender and Smith 
(1973). probably possess the C4 type of photosynthesis that 
enables them to produce DK at a very fast rate. Some of the 
distinguishing characteristics of each species follow. 
Napiergrass 
It is a robust, leafy perennial, 2 to 4 meters (m) 
tall, the blades are elongated and range from 2 to 3 
centimeters (cm) in width. The inflorescence is a dense 
panicle, elongate, stiff, tawny or purplish, with 
sparsely plumose bristles about 1 cm long. The grass 
grows in clumps of 20 to 200 stalks, much the same as 
sugarcane. The stalks are up to 2.5 cm in diameter. 
The species is propagated by mature stem cuttings since 
the seeds have low viability (Hitchcock, 1951)» 
Introduced from Africa into the West Indies and South 
America as a forage plant, its most frequent use today is as 
"green chop", which consists in cutting the forage, chopping 
it to small pieces, and feeding it fresh to the animals. Some­
times it is also used for grazing. With proper fertilization 
and management it is of considerable potential in the tropics. 
It is also called elephantgrass (Bennett, 1973; Hitchcock, 
I95I; Rotar and Plucknett, 1973). 
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Guineagrass 
Guineagrass is an erect, rather robust perennial, 1 to 
2.5 m tall, the plants are light green, and grow in 
large bunches from short, stout rhizomes. The blades 
are 30 to 75 cm long and as much as 3«5 cm wide, sheaths 
papillose-hirsute to glabrous, usually densely pubescent 
on the collar, ligule 4 to 6 millimeters (mm) long. 
Plants tiller profusely. The -inflorescence is a panicle 
20 to 50 cm long, about one-third as wide, the long 
rather stiff branches ascending, naked at base, the 
lower in whorls, the axils pilose, the branchlets short, 
appressed, bearing more or less clustered short pediceled 
spikelets, spikelets 3 to 33 mm long, first glume about 
one-third of the spikelet. The seeds mature gradually, 
falling to the ground as they ripen. Thus, seed har­
vested at any given time includes relatively few mature 
viable seed, and germination is correspondingly poor. 
Lack of good seed limits its use (Hitchcock, 1951). 
The species is highly variable with many strains. 
According to Hitchcock (1951)» it was introduced from Africa 
into the tropical regions of both hemispheres at low altitudes, 
where it is the most important cultivated forage. It grows 
in moderately dry ground and it is used most frequently as 
pasture, but is also used for green chop. 
Paragrass 
Paragrass is a coarse, creeping perennial, sod-forming 
grass with ascending stems that may grow to about 2 m in 
height with prostrate to trailing stems over 6 m long. 
Rooting occurs readily at the nodes. The nodes, leaf 
sheaths and leaves are densely pubescent, blades 10 to 
30 cm long, 10 to I5 mm wide, the inflorescence is a 
panicle 10 to 20 cm long, the rather distant subracemose, 
densely flowered branches ascending or spreading, spike­
lets subsessile, 3 mm long, elliptic, glabrous, fruit 
minutely transversely rugose (Hitchcock, 195I). 
It is a sparse seed producer and seeds are rarely viable. It 
is propagated from stem cuttings or from runners (Bennett, 
1973; Hitchcock, 1951). 
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Paragrass was introduced from Africa and grows through­
out tropical America on soils too moist for many other crops, 
on margins of lakes and streams, on marshes and on bottom­
lands subject to prolonged overflow. Forage of this species 
is especially useful as a pasture grass or as green chop under 
irrigation or on poorly drained soils (Bennett, 1973; Hitch­
cock, 1951; Rotar and Plucknett, 1973). 
Nonstructural Carbohydrates in Grasses 
The plant carbohydrates can be classified into two 
groups: those involved in the structural framework of the 
plant, and the nonstructural components. The nonstructural 
carbohydrates stored in the vegetative organs are the primary 
source of reserve energy for the aftermath growth of perennial 
grasses (Mcllroy, 1967; Smith, 1972, 1973). 
Importance and role 
Nonstructural carbohydrates are found in storage organs 
not removed during clipping or grazing, like bases of the 
stems, crowns and roots. They are used for growth initiation 
in the spring and after cutting or grazing. Also, they are of 
great importance for the survival, maintenance and production 
during those periods where carbohydrate utilization exceeds 
photosynthetic production (Alberda, I966; Smith, I969, 1973; 
Smith, Paulsen, and Raguse, 1964). According to Smith (1973), 
they also are used to develop heat and cold resistance, to 
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support life during periods of dormancy, to promote flower 
and seed formation, and for many processes that go on within 
the plant during its life. 
In many forage species the pattern of depletion and 
restoration of the TNC following clipping conforms to a more 
or less U-shaped curve, low TNC in plant tissue is often 
indicative of active regrowth. Periods of depletion are 
followed by periods of accumulation. Not all the species 
follow the same pattern and the magnitude of the fluctuation 
is greater in species like alfalfa (Medieago sativa, L.) than 
in birdsfoot trefoil (Lotus comiculatus, L. ) or sainfoin 
(Onobrychis viciaefolia, Scop.) (Bartholomew and Booysen, 
1969; Blaser, Brown, and Bryant, I966; Cooper and Watson, 
1968; Nelson and Smith, I968; Pearce, Fissel, and Carlson, 
1969). 
The amount of TNC does not remain constant throughout the 
year. The highest levels are noted during the fall with a 
sharp decrease during the spring, with a recovery to their 
previous maximum levels by the middle of the summer, under 
no-cutting treatment (Powell, Blaser, and Schmidt, 1967; 
Reynolds, 1969; Reynolds and Smith, 1962). 
Types and structure 
Perennial grasses can be separated into two groups based 
on the type of nonstructural carbohydrates accumulated in 
their vegetative tissues. Grasses of tropical and subtropical 
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origin, as well as Leguminosae, accumulate starch. Grasses of 
temperate origin, however, accumulate fruetosans in their 
storage organs (Bender and Smith, 1973; Smith, 1968, 1972, 
1973). 
Starch is a pure glucose polymer. Natural starch con­
tains two components, amylose and amylopectin. Amylose is 
essentially a linear molecule built from a-D glucopyranose 
units joined in 1,^ -linkage; the other component, amylopectin, 
is highly branched, the linkage at the branch points being 
a-1,6. Amylose has a low molecular weight (50 to 1500 glucose 
units), amylopectin is of high molecular weight (2000 to 
220,000 glucose units). The relative proportions of these 
two components vary with the source of the starch, although 
the ratio 25 percent amylose to 75 percent amylopectin may be 
considered typical. Herbage starches have not been subjected 
to intensive study, but it is assumed that the structures of 
amylose and amylopectin do not differ significantly from the 
structures of these compounds in other plant sources. The 
relative proportions of the two components are likely, however, 
to vary with species and even with stage of maturity, as is 
the case in many plant species (Akazawa, 1965; Mcllroy, 1967; 
Smith, 1972). 
Pructosans are fructose polymers that contain a terminal 
glucose. They appear to be formed by the addition of fructose 
units to a sucrose molecule. Pructosans also occur naturally 
in two forms, inulins and levans (Smith, 1972). 
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Inulins are P-D-2,1 linked fructose polymers, found in 
many plant species but not in grasses; the fructosans found 
in forage grasses are levans, which are g-D-2,6 linked 
fructose polymers. Levans are generally unbranched and have 
a low degree of polymerization as compared with the starches. 
Some species, like the ones in the Hordae tribe accumulate 
only short-chain fructosans (3 to 7 fructose units). Species 
in the Avenae tribe accumulate mainly long-chain fructosans 
(up to 260 fructose units) while many species in the Festuceae 
tribe accumulate both types of fructosans (Akazawa, 1965; 
Mcllroy, 196?; Smith, 1968, 1972, 1973; Smith and 
Groteleuschen, I966). 
Effect of harvest on carbohydrate reserves 
Maintenance of a high level of reserve carbohydrates is 
necessary to keep the plants vigorous and productive. Re­
serves are utilized not only in spring but whenever new aerial 
growth is produced after defoliation. Cutting is followed by 
a rapid decline in starch and fructosans in stubble and roots. 
Tall growing species with most of the leaf area high on the 
plant are almost totally dependent on stored foods for re­
covery since all or most of the photosynthetic area is removed 
with close cutting. For species with a prostrate growth habit, 
the leaf area of which is near the soil surface, are not 
totally defoliated with close cutting or grazing. Therefore, 
they are not as dependent on reserve carbohydrates for 
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initiation of regrowth as an upright species since part of 
the energy needed to initiate growth comes from the photo-
synthetic activity of the intact leaves (Smith, 1973; Weinmann, 
19^ 7)» The decrease in reserves indicates that they are used 
for either or both respiration and synthesis of new tissue. 
Tillers with high TNC reserves produced more DM during the 
first 25 days after cutting than tillers with low TNC (Ward 
and Blaser, I96I). The degree of TNC reduction during the 
first week of regrowth is dependent on the level of TNC at the 
time of cutting; the higher the initial value the greater the 
reduction (Bartholomew and Booysen, 1969; Steinke and Booysen, 
1968). Experimental results suggest that reserve carbohy­
drates play an important role in regrowth, although the rela­
tionship is of relatively short duration, the greatest changes 
occurring between 3 and 15 days after defoliation; the original 
TNC levels are usually recovered between 3 arid 5 weeks after 
clipping (Bartholomew and Booysen, 1969; May and Davidson, 
1958; Pearce et al., 1969= Steinke and Booysen, I968; Ward 
and Blaser, I96I). 
Under a noncutting treatment the general pattern of 
seasonal carbohydrate trends in the principal storage organs 
of perennial legumes and grasses is essentially similar but 
is influenced by morphology and growth behavior of the species 
and by climatic conditions. The pattern is cyclic, and for 
alfalfa the level of carbohydrates decreases with the initia­
tion of growth in the spring. Depletion continues until about 
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15 to 20 cm of top growth are produced; from this stage until 
near full bloom, there is an excess of carbohydrates produced 
by photosynthesis, which is transported to the roots for 
storage. The highest level of storage is reached at near full 
bloom. Between full bloom and mature seed there is some re­
moval of carbohydrates from the roots, at the time of new 
shoot initiation from the crown (Smith, 1973)* The same 
pattern occurs in most grasses and legumes after cutting, but 
there are some exceptions such as birdsfoot trefoil which does 
not accumulate reserve carbohydrates until the fall months, 
and consequently cannot be harvested close to the surface 
during the growing season (Smith, 1962). 
When perennial forages are cut frequently the amount of 
reserves remains low. The plant eventually will be killed by 
depletion of energy sources if enough time for a reserve 
build-up is not allowed (Smith, 1973). Evers and Holt (1972) 
found that the amount of TNG in kleingrass (Panicum coloratum 
L.) was lower when the grass was cut every 3 or 4 weeks as 
compared to the 5-week cutting interval. Reynolds and Smith 
(1962) report higher levels of TNG in alfalfa, smooth brome-
grass (Bromus inermis Leyss.) and timothy (Phleum pratense L.) 
under a two-cut management than under a three-cut management. 
Similar results are reported by Uend and Smith (1970) for 
alfalfa and Gooper and Watson (I968) in alfalfa and sainfoin. 
Langille and McKee (I968) found the same seasonal trends in 
TNG in crownvetch (Goronilla varia L.), but the absolute 
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levels were lower than in alfalfa, and similar to those in 
birdsfoot trefoil. 
The depletion of carbohydrates due to frequent defolia­
tion not only decreases herbage production but also makes the 
plants more susceptible to adverse conditions such as frost, 
heat, and drought. This may be due largely to a lower osmotic 
pressure of their cells. Also the reduction in the root 
system will impair the capacity for absorbing water and 
nutrients (Weinmann, 194?). 
Effect of nitrogen fertilization 
The addition of N promotes vegetative growth and decreases 
the amount of reserve carbohydrates in some species, but the 
effect is temporary since the plants are soon able to restore 
their reserves (Brown and Ashley, 1974; Weinmann, 194?). A 
similar trend is reported by Green and Beard (I969) in 
Agrostis palustris Huds, and Kentucky bluegrass, Poa pratensis 
L. There are species in which N fertilization resulted in a 
decreased amount of oligosaccharides, particularly those of 
higher molecular weight than sucrose. The N fertilization 
did not produce any effect on the concentration of di- and 
monosaccharides. Colby et al. (I966) reported a sharp decrease 
in TNG following N application in orchardgrass (Dactylis 
glomerata L.); Paulsen and Smith (I968) also reported similar 
data for smooth bromegrass. 
The level of TNC in some species does not seem to be 
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affected by N application; for example, perennial ryegrass, 
Lolium perenne L.. (Dilz, 1966). in switchgrass (Panicum 
virgatum L.) and timothy, TNC levels were not decreased due 
to N application (Balasko and Smith, 1971)» According to 
Dent and Aldrich (I968), rates of 0 and 50 kilograms per 
hectare (k^ ha) of N did not show significant differences 
in the amounts of TNC in temperate grasses. 
There are conflicting reports in the case of bermuda-
grass, Cynodon dactylon (L.) Pers., as Weinmann (19^ 7) reported 
an accumulation of TNC when N was applied. This was true for 
the roots and rhizomes even under heavy grazing or cutting. 
Adegbola and McKell (I966) reported a decrease in the amount 
of TNC as a result of N fertilization. 
Most of the authors agree that under conditions promoting 
rapid growth, TNC is either reduced or remains at a low level, 
because most of the photosynthate is retained as sucrose at 
the actively growing points. The sucrose may be as important 
as fructosans as a source of energy in these plants. When 
grass growth is reduced by either low N availability or en­
vironmental stress, or when energy fixed in photosynthesis 
is in excess of the requirements for growth, TNC is accumulated 
(Adegbola and McKell, I966; Brown and Ashley, 1974; Brown and 
Blaser, I965). 
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Effect of environmental conditions 
The three most important environmental factors influenc­
ing vegetative development and maturation of perennial forage 
species are light, temperature, and moisture (Smith, 1973). 
The factors of light that influence the growth of the 
plant are intensity, quality, and duration. Paulsen and Smith 
(1969) showed higher levels of TNC in the stubble of smooth 
bromegrass grown under full sunlight than in the stubble of 
plants grown under shaded conditions. Auda, Blaser, and Brown 
(1966) reported an increase in TNC in orchardgrass, as light 
increased from 25 percent to normal sunlight. Burns (1972), 
working with bermudagrass, found a higher concentration of 
TNC when the plants were grown under a light intensity of 
1500 foot candles (fc) than when the light intensity was only 
800 fc. Light quality may have some influence as plant de­
velopment is better under the full spectrum of sunlight than 
under any specific portion and the short wavelengths of ultra­
violet light may retard growth or even injure or kill the 
plants (Smith, 1973J. The amount of TNC was found to increase 
in bermudagrass when daylength was increased from 10 to 16 
hours (Burns, 1972). 
Low temperatures are associated with higher TNC concen­
trations (Auda et al., I966). They compared the level of re­
serves in orchardgrass grown at 50 and 60°C. Burns (1972) 
reported a lower TNC in bermudagrass under a 32/24°C regime 
than under a 27/l5°C regime. Similar results are reported by 
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Burris, Brown, and Blaser (I967) for this same species, when 
35 and 30°C growth temperatures were compared. Lechtenberg, 
Holt, and Youngberg (1971, 1973) found that diurnal variations 
in TNG of alfalfa and sorghum (Sorghum sudanense Stapf) were 
smaller when the night temperatures were low than when they 
were high. When coastal bermudagrass and Kentucky bluegrass 
were grown in four different temperature regimes (13/7°C, 
18/13®C, 3P/18°C and 30/24°C). The highest T'NC concentrations 
in both species occurred at the coolest temperature (McKell 
et al., 1969). 
Moisture stress increases carbohydrate accumulation in 
the vegetative tissues, characterized by a decreased photo-
synthate translocation from the leaves and a greater reduction 
in utilization than in accumulation of photosynthetic products 
(Sosobee and Wiebe, 1971). In alfalfa, irrigation 10 days 
after harvest resulted in a faster regrowth and lower TNG than 
irrigation 23 days after harvest (Gohen, Bielorai, and Dovrat, 
1972). In a study reported by Brown and Blaser (I970), 
orchardgrass plants were grown at 10 to 30, 4-0 to 60, and 80 
to 100 percent of available water. The amount of TNG was 
found to be directly related to water stress. 
Nitrogen Fertilization 
The humid tropics in general are characterized by low 
fertility soils and grasses with a potential for large yields. 
In Puerto Rico, Vicente-Chandler (1974) reported that moder­
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ately fertilized grasses harvested by cutting removed about 
350 kg/ha of N, while the supplying power of the soil averaged 
only 70 kg/ha/year. Considering the production potential of 
the tropical grasses, it should thus generally be economical 
to fertilize grasslands, assuming availability of fertilizers 
at reasonable prices in relation to those of livestock 
products. 
Dry matter production 
The response of tropical grasses to N application is 
generally a linear increase in DM production as level of N 
application increases, this relationship holding up to a 
certain N rate, depending on species, soil, and environmental 
conditions. In Puerto Rico, Vicente-Chandler (197^ ) reported 
sharp increases in DM yields of guineagrass and paragrass with 
N levels up to 448 kg/ha/year. Michielin et al. (1968) re­
ported linear increases in DM production of paragrass with 
applications of 25 kg/ha of N after every harvest in Colombia. 
Napiergrass responded to higher rates of N, up to 869 kg/ha/ 
year (Spain and Velez-Santiago, 1967; Vicente-Chandler, 1974) 
under conditions in Puerto Rico. In Ceylon, both napiergrass 
and guineagrass have been found to respond to rates up to 
400 kg/ha/year of N in three applications. In Costa Rica, 
responses have been reported for rates up to 6OO kg/ha/year 
according to Sivalingam, 1964, and Guerrero, Fassender, and 
Blydenstein, I968, respectively, cited by Vicente-Chandler 
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(1974). 
Crude protein 
The percentage of CP in tropical grasses increases with 
N application, but only with relatively high rates of fer­
tilization. With a lower rate of N application, 220 kg/ha/ 
year, percentage of CP has not increased in paragrass, and 
has decreased in some species like coastal bermudagrass. 
Values such as 9*9 percent in the control and 9»7 percent with 
the application of 100 pounds per acre (lb/a) illustrate the 
point (Burton, Jackson, and Hart, 19^ 3; Caro-Costas and 
Vicente-Chandler, 1961). 
When the rate of N application is increased, the percent­
age of CP increases in tropical grasses, according to Vicente-
Chandler (197^ ). Some authors like Spain and Velez-Santiago 
(1967) did not find such an increase in percent CP of napier-
grass. Cooper (19^ 5) reported only slight increases in percent 
CP with increasing N application in native, temperate grasses. 
Nitrogen recovery and efficiency 
The amount of fertilizer N recovered in the forage 
varies greatly. Generally, recovery of N is in the range of 
50 to 80 percent, but can range from about 1 percent to 
occasional recoveries which exceed 100 percent, indicating 
that the application of fertilizer N increased the availability 
of soil N (Rhykerd and Noller, 1973; Wedin, 1974). 
A major factor affecting N recovery is the rate of 
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application. Some reports show that percentage N recovery 
increases as rate of N applied increases, but there are 
others which indicate an inverse relationship. In general, 
percentage recovery is highest at N rates of 200 to 300 k&/ha/ 
year. At low rates considerable K may remain in the roots 
and stubble, and at high rates, a relatively high proportion 
of the fertilizer may not be absorbed (Rhykerd and Roller, 
1973; Wedin, 1974). 
Wagner, 195^ , cited by Wedin (1974), reported that or-
chardgrass recovered 69 percent of the N applied at the 269 
kg/ha rate, 83 percent at the 90 kg/ha rate and 84 percent 
at the 180 kg/ha rate. Recoveries of 78 and 75 percent were 
shown for tall fescue, Festuca arundinacea Schreb., with 
applications of 90 and 190 kg/ha, respectively. Recoveries 
for smooth bromegrass was lower, 30 and 26 percent, respective­
ly, for the 90 and 180 kg/ha rates. In rhodesgrass, Chlorys 
gayana Kunth., Henzell et al. (1964) reported recoveries of 
81.4 percent for a rate of 400 kg/ha, but a significant de­
crease in recovery percentage when the rate of N application 
was increased to 880 kg/ha. With rates of N application of 
440 kg/ha on coastal bermudagrass the recoveries varied from 
20 to 89 percent, being higher under irrigation (Loss et al., 
1966). Vicente-Chandler (1974) reported recoveries of 60 per­
cent of the applied N in napiergrass, with rates of application 
of 400 kg/ha. 
Other factors which affect N recovery are species of 
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grass, temperature, source of N, and time interval "between 
application and harvesting. In tropical grasses day/night 
temperatures of 35/2^ °C resulted in greater N recovery than 
day/night temperatures of 24/l3^ C (Rhykerd and Noller, 1973). 
Dry matter produced per unit of N applied expresses ef­
ficiency of N fertilization. Cowling, I963, cited by Wedin 
(197^ ) working with cool-season grasses reported dry matter 
yield responses of 12 to 27 kg/ha N applied for minimal N 
applications in early spring. For higher N applications, 70 
kg/ha, the yield was 18 to 3^  kg/kg N applied. For fall fer­
tilization, yields were 10 to 12 kg/kg N applied when harvests 
were taken in the fall. 
The yield of DM per kg of N applied decreases with in­
creasing N. Brown et al., I969, cited by Wedin (1974), re­
ported that for timothy fertilization in Maine, the first 
100 kg/ha of N applied produced 32 kg of DM per kg of N. 
The second 100 k^ ha produced 18 kg/kg N, and the third 100 
kg/ha only 2 kg/kg N. 
Effect on dry matter digestibility 
There are some reports which indicate that DM digesti­
bility is increased by N application. Ford and V/illiams 
(1973) compared the levels of 280, 476, and 673 k^ ha/year 
applied to pangolagrass (Digitaria decumbens Stent.) and a 
commercial variety of setaria (Setaria spp). They reported 
that in vitro digestibility of both species apparently 
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increased with applied N. Similar results were reported by 
Waite (1970) working with ryegrass and orchardgrass under 
fertilization regimes of 2? and 10? kg/ha of N. 
Most of the authors reported little if any improvement 
in digestibility resulting from increased N application, for 
either temperate or tropical species. Some effects have been 
noted, however, where soil N was very low (Calder and Mcleod, 
1968; Deinum, van Es, and Van Soest, I968; Hacker and Minson, 
1972; Harkess, 1963; Minson, 1973; Rhykerd and Nolier, 1973; 
Wilman, 1970). 
Quality of Tropical Grasses 
Forage quality is defined as the total of factors related 
to forage which determines output per animal. It is a function 
of voluntary intake and digestibility of nutrients when forage 
is fed both alone and ^  libitum to a specified animal (Moore 
and Mott, 1973)* The low quality of tropical grasses has 
been generally accepted as fact; however, tropical grass 
quality has been found to be quite variable and requires an 
exhaustive evaluation before that conclusion can be accepted. 
The quality of tropical forages varies with age, soil fer­
tility, season of the year, part of the plant, method of 
feeding, and the species (Grant, 1973; Moore and Mott, 1973). 
That low quality is an inherent characteristic of 
tropical grasses has been stated based on many studies. 
Minson and Mcleod (1970) reported that the average 
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digestibility of the tropical forages was 12.8 percent lower 
than for the temperate forages. This has not been universally 
accepted; however, there are reports that several improved 
tropical grasses under intensive management are as palatable 
and digestible as many temperate forages (Reid et al., 1973; 
Vicente-Chandler et al., 1964). 
Limiting factors 
The literature on tropical forage quality was reviewed 
by French (1957» 1961) who concluded that tropical grasses 
have higher crude fiber (CF) percentages than temperate 
grasses and that this was the reason for their low quality. 
Available data also indicated that digestion coefficients for 
CF were higher than the coefficients for N free extract (NFE). 
From these relationships, it can be concluded that the conver­
sion factors for estimating nutritive value, such as total 
digestible nutrients (TDN), probably cannot be applied to 
tropical forages, primarily because the TDN system was devel­
oped in temperate areas with temperate forages used. 
Since the CF-NFE approach does not seem to be satisfac­
tory, Van Soest (I967, 1968a, 1968b, 1973a-) • has proposed an 
alternative. The constituents of forages are divided into 
two classes, the cellular contents (CC) consisting of the 
nonstructural highly digestible fraction including protein, 
sugars, starch, and organic acids, and the structural part 
of the plant, referred to as cell wall constituents (CV/C). 
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The CWC portion includes cellulose, hemicellulose, lignin, 
silica, and some complex insoluble nitrogenous compounds. 
The separation of the forage DM into CC and CWC by 
utilizing detergents allows a more comprehensive analysis of 
the chemical and structural characteristics which limit the 
nutritive value of forages (Van Scest, 1965a). 
Cell contents 
The nonstructural part of the plant cell or CC is composed 
of sugars, glycosides, starch, fructosans, pentosans, pectins, 
organic acids, nitrogenous substances, lipids, soluble miner­
als, water soluble pigments, and tannin. This fraction is 
essentially available, but its digestibility appears incom­
plete because of the excretion of fecal noncell water matter, 
which is principally of endogenous and bacterial origin. 
Examination of feces has shown that soluble carbohydrates, 
plant protein and, in general, fractions of the CC are vir­
tually absent. The conclusion deriving from these observa­
tions is that plant CC are completely available to reminant 
animals consuming these forages (Tessema, 1972; Van Soest, 
1967, 1968a). 
Crude protein 
Percentage N of the plant as determined by Kjeldahl 
analysis, when multiplied by 6.25, estimates CP percentage. 
This includes both protein and nonprotein N. Roughly 70 
percent of the total N is found in true plant protein, the 
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rest includes a broad class of substances such as free amino 
acids and small amounts of nitrate and other substances. 
Generally, 5 to 10 percent of the N is found in an insoluble 
complex with lignin and this is highly undigestible. True 
protein and soluble nonprotein N usually are completely 
available (Van Soest, 1973a). 
\ 
The percentage of CP found in tropical grasses is the 
first limiting factor when it is less than 7 percent on the 
DM basis, which is approximately the minimum level required 
for positive N balance. Protein deficiency is more critical 
late in the dry season and in midsummer. Very often the CP 
percentage should be examined first, before turning to struc­
tural or chemical limitations in quality (Minson and Milford, 
1967; Moore and Mott, 1973). 
Cell wall constituents 
The cell wall is the plant skeleton. It includes the 
primary and the secondary walls. Plant cell walls are 
chemically composed of hexoses, pentoses, and uronic acids 
and some insoluble minerals and nitrogenous compounds in 
smaller amounts. As a group, the CWC comprise 4-0 to 80 per­
cent of the DM, the higher proportion found in the more mature 
grasses (Tessema, 1972). The chemical components of the cell 
wall are arranged forming cellulose, hemicellulose, and lignin 
(Van Soest, 1968a). 
Cellulose and hemicellulose are of nutritional value 
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because products of their fermentation in the rumen can be 
utilized by the host animal. The availability of the cell 
wall is controlled by structural features that link cellu­
lose, hemicellulose, and lignin together, and is not uniform 
among forages. The plant cell wall corresponds to what can 
be nutritionally defined as a total fiber fraction (Van Soest, 
1967, 1968a). 
Cellulose 
The most abundant structural carbohydrate in plants is 
cellulose, which is a straight chain of D-glucopyranose 
residues linked in g-1,4 linkage. The total amount ranges 
from 20 to 40 percent of the forage DM, depending on stage of 
growth and species (Mcllroy, I967). Cellulose is highly 
resistant to chemical and enzymatic degradation and is di­
gested only by microbial action. Rumen cellulolytic bacteria 
secrete cellulose enzymes that attack the cellulose. Final 
products are volatile fatty acids that are utilized by the 
animal (Tessema, 1972; Van Soest, 1973a). 
Cellulose has a highly variable nutritive value depending 
a 
on its association with lignin, silica, cutin, and other 
factors (Van Soest, 1973a). Sullivan (1955) reported diges­
tion coefficients ranging from 56 to 89 percent, depending on 
the amount of lignin present. Different digestibilities have 
been reported for the cellulose and hemicellulose of Setaria 
splendida and Lolium perenne, yet there were equal amounts of 
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of these compounds in both species. The digestibility differ­
ence was reported to have resulted from a gross structural 
effect, like a denser fiber structure preventing the penetra­
tion by the rumen bacteria or possibly a simple protection of 
the structural carbohydrates by the indigestible lignin in 
S. splendida. a tropical species (Ford, 1973)• Marked differ­
ences in cellulose digestibility of grasses and legumes have 
been observed being lower for legumes, although some excep­
tions have been reported. The total amount of cellulose in­
creases with age, but the digestibility remains more or less 
unchanged. In some artificial rumen studies, forage cellulose 
digestion has been found to be closely correlated to the in 
vivo digestibility (Barnes et al., 1964; Baumgardt, Cason, and 
Taylor, 1962; Tilley et al., I969). 
Hemicellulose 
Under the name of hemicellulose there is a group of com­
pounds composed of a backbone of 0-1,4-linked-D-xylopyranose 
residues, characterized for single unit side chains of 
arabinofuranose, glucuronic acid, and small amounts of mannose 
and galactose (Mcllroy, 196?; Van Soest, 1973a). 
Hemicellulose varies from I6 to 21 percent, according 
to Mcllroy (1967). Minson (1971a) reported average hemi­
cellulose of 30*6 percent for six varieties of Panicum. Both 
of these authors indicated that the quantity is not affected 
by the stage of growth. It is deposited in the secondary wall 
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of the plant and is more soluble in acids and bases than 
cellulose, yet it is not more digestible. The availability of 
hemicellulose is similar to that of cellulose as the mechanism 
of digestion is very similar to that of cellulose. It is 
utilized through microbial fermentation and animal digestive 
secretions cannot hydrolyze it. Some hemicellulose fractions 
have a very low digestibility and are probably covalently 
linked to lignin (Tessema, 1972; Van Soest, 1973a-) • 
Lignin 
Though lignin is the least abundant of the major cell 
constituents, it is very important from the standpoint of 
nutritive value. Lignin is a family of nonearbohydrate com­
pounds, three-dimensional polymers of substituted phenyl-
propanes (Tessema, 1972; Van Soest, 1973a-) • 
Lignin is a functional component providing rigidity 
to the plant cell wall. Cutin, the waxy polymer that con­
stitutes the outer covering of the plants, is somewhat 
chemically dissimilar, but is often included in crude lignin 
preparations (Van Soest, 1973a)• 
Lignin is essentially undigested and resistant to decay 
and microbial enzymatic action, according to Van Soest (1973a) 
and Tessema (1972). However, Sullivan (1955) reported lignin 
coefficients of digestibility over 10 percent in sheep rations. 
Lignin is responsible for the incomplete digestibility of 
cellulose and hemicellulose. This could occur either by 
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protecting the associated portions of the cell wall carbo­
hydrates from biological attack and digestion or through direct 
linkage of lignin to the structural carbohydrates (Van Soest, 
1968a, 1973a). 
Although there is general agreement with respect to the 
low digestibility of lignin, there are conflicting reports 
about the effect of lignin on digestibility of the forage. 
Mowat, Kwain, and Winch (I969) reported a negative significant 
correlation between lignin and in vitro cell wall digestibility 
in orchardgrass and bromegrass. Parra, Gombellas, and Gonzalez 
(1972) found the same kind of relationship in tropical forages, 
the negative effect of lignin being higher in grasses than in 
legumes. Sosulski and Patterson (I96I) indicated that lignin 
is the best single measure of apparent digestibility, and 
report it to be due to the high positive correlation between 
crude fiber and lignin. Gaillard (I966) and Kivimae (I966) 
reported that lignin is one of the main compounds to consider 
when calculating digestibility from chemical analyses. 
Olubajo, Van Soest, and Oyenuga (1974) found that lignin was 
highly correlated with in vitro digestibility but not with 
in vivo digestibility, in tropical grasses. 
On the other hand, Ford and Williams (1973) and Minson 
(1971b) reported that lignin had only a small effect on di­
gestibility of the cell walls in tropical grasses. Duble, 
Lancaster, and Holt (I97I) and Johnson, Guerrero, and Pezo 
(1973) found that in warm-season perennial grasses lignin is 
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just one of the factors which limit digestibility. Others 
are silica, cellulose, and total cell wall fractions. Accord­
ing to Mcleod and Minson (1971)t the method of analysis for 
lignin determines to a great extent the error in predicting 
DM digestibility. 
Silica 
Silica is found in most plant cells. The source of 
silica is the soil solution, where it is present almost 
entirely as the simple molecule, monosilicic acid Si(OH)^ , at 
pH below 9.0. The solubility of silica is independent of pH 
in the range 2.0 to 9.0 and the concentration in saturated 
solutions is 120 to l40 parts per million (ppm) expressed as 
SiOg. Soils are capable of maintaining a steady concentration 
despite repeated withdrawals (Jones and Handreck, I965. 196?). 
Silica is absorbed passively in the transpiration stream 
and it has been demonstrated that concentration and total 
amount of silica in the plant can be explained in terms of the 
concentration of silica in the soil solution and the amount of 
water transpired (Jones and Handreck, I965, 196?; Martin, 
1973). 
Silica may be deposted in all parts of the plant, except­
ing the roots. It accumulates rapidly during the growing 
season, but thereafter concentrations remain relatively con­
stant. Silica is generally deposited as opal and sometimes as 
a mixture of opal and quartz. Plant silica is one of the 
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major sources of opal in soils (Bonnett, 1972; Lanning, 
Ponnaiya, and Crumpton, 1958; Morton and Jutras, 1974). 
Silicified cells can be identified in the leaf blade, 
sheath, stem, and in the inflorescense of grasses. These 
cells form special arrangements characteristic of certain 
kinds of plants. The distribution of silicified cells is 
not uniform throughout the plant. Concentrations range be­
tween 9.03 and 13.47 percent in the glumes of certain grasses, 
with about one-half as much in the leaves. The leaf itself 
contains three times as much as the internode, 14 times as 
much as the node, and 40 times as much as the seed (Bonnett, 
1972; Grant, 1973; Jones, Milne, and Wadham, I963). 
Percentages of lignin and silica tend to be negatively 
correlated. It is possible that silica may function 
physiologically in place of lignin, that is, intimately 
associated with the cellulose and hemicellulose of the cell 
wall (Johnson et al., 1973; Jones et al., 1963; Van Soest, 
1968a). Silica is an undigestible component of the cell wall, 
and the recovery of ingested silica approaches 100 percent 
(Gallup, Hobbs, and Briggs, 19^ 5). Van Soest (1968a) and 
Van Soest and Jones (I968) reported that silica depressed 
digestibility of structural carbohydrates in reed canarygrass 
(Phalaris arundinacea. L.) by an average of 3.0 units of 
digestibility per unit of silica in the DM. Deinum and Van 
Soest (1969) reported that silica was even more important 
than lignin in limiting forage digestibility in grasses; 
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however, it did not appear to be an important factor affecting 
the digestibility of alfalfa and some other legumes. 
In conflict with these reports, Smith, Nelson, and 
Boggino (1971) reported that silica decreased the digestibility 
of organic matter by approximately 1 percent for each percent­
age-point increase of silica in the forage. Chicco and 
French (196I) used silica as an indicator in digestibility 
studies with tropical grasses. They reported that the results 
were of doubtful accuracy and especially limiting for explain­
ing seasonal variation in any particular species. Minson 
(1971a, 1971b), working with guineagrass varieties, did not 
find any relationship between DM digestibility and silica 
content. He stated that selecting guineagrass on the basis of 
silica content is of no value. In some recent publications, 
Combellas, Gonzalez, and Parra (1971), Olubajo et al. (1974), 
and Parra et al. (1972) also reported no relationship between 
percentage of silica and cell wall digestibility. They sug­
gested that tropical grasses may behave similarly to legumes 
in respect to silica content. 
Environmental conditions 
The chemical composition of grasses is greatly determined 
by the climate in which the plant grows. The environmental 
factors most likely to affect forage quality are moisture, 
light intensity, and temperature. 
Moisture stress results in low quality of tropical 
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grasses during the dry season, although DM, CP, and NO^  per­
centages all increase (Deinum, I966; Grant, 1973; Johnson, 
Hardison, and Castillo, 1967a; Johnson et al., 1967b; 
Moore and Kott, 1973 )• 
High light intensity was found to increase CVJC, while 
low light intensity resulted in higher CP, CF, ash, and N, 
in ryegrass and Brachiaria ruziziensis, a tropical species 
(Deinum, I966). 
Temperature seems to be the most important environmental 
factor limiting forage quality. Minson and Mcleod (1970) re­
ported a high correlation between DM digestibility and tem­
perature. Deinum (I966) reported a drastic increase in CF of 
B. ruziziensis as temperature increased. In com (Zea mays 
L.) and tall fescue, high temperature was associated with 
higher amounts of CV<C and lower digestibility (Deinum and 
Dirven, 1971). French and Chicco (i960) and Deinum et al. 
(1968) reported sharp decreases in digestibility of both 
tropical and temperate forages becausa of high temperatures. 
Wilson and Ford (1973) compared 13 tropical species and 11 
temperate species, grown at low and high temperatures, and 
reported an early drop in digestibility in the tropical 
species under the high temperature regime, after which digesti­
bility remained relatively constant. 
Crude fiber content of tropical forages has also been 
found to be related to transpiration rates; this explained 
11 percent of the variation in digestibility, compared to 
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15 percent of the variations explained by temperature alone, 
in rhodesgrass. Temperature and transpiration together seem 
to be the most important environmental factors in determining 
forage quality. Potential transpiration is generally closely 
related to temperature (Deinum, I966; Minson and Mcleod, 1970). 
In vitro forage digestibility 
The digestibility of herbage DM can be studied using an 
in vitro procedure. Anaerobic fermentation with rumen liquor 
is followed by digestion with acid pepsin. The method, pro­
posed originally by Tilley and Terry (I96I, I963). has re­
ceived some minor modifications and adaptations and today it 
is widely accepted because of the reproducibility and high 
correlation with in vivo digestibility (Alexander and McGowan, 
1966; Barnes, I966; Mcleod and Minson, 1969a; Minson and 
McLeod, 1972; Terry and Tilley, 1964; Tilley and Terry, 1969; 
Tilley, Deriaz, and Terry, I96O). 
The in vitro method has been reported to be more useful 
than conventional chemical analyses for assessments of nutri­
tive value of herbages, according to Tilley and Terry (I969). 
McLeod and Minson (1969b) reported the accuracy of the method, 
but found that the results can be affected by fineness of 
sample grinding, sample size, pH of original rumen fluid, and 
volume of the fluid rumen inoculum. 
The in vitro method has been reported to adequately mea­
sure the digestibility of tropical grasses (McLeod and Minson, 
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1969b; Miller and Rains, 1963; Minson and Mcleod, 1970; 
Olubajo et al., 1974). The results in some cases tend to be 
lower than the in vivo results, underestimating the nutritive 
value of the forages (Brundage, 1972; French and Chicco, 
I96O; Marshall, Long, and Thornton, I969). In some other 
cases, however, as for crop residues like com stover, results 
appear to overestimate digestibility (Leask and Daynard, 1973; 
Vetter, 1973). 
Prediction of grass quality from laboratory analyses 
Several methods to predict digestibility from laboratory 
analyses have been developed, but to date no method has proven 
to be completely satisfactory. Van Soest (1968b) stated that 
digestibility and efficiency vary with feed composition and 
with the use that is made of energy, whether for growth, 
fattening, or lactation, and that it is not possible to present 
the nutritive value of feeds in tables in the manner of 
immutable chemical compositions. Van Soest (1971) added that 
nutritive evaluations are not fixed numbers for feedstuffs as 
are compositional data. Physiology of the animal and the 
interaction between the animal and the ration, and the level 
of consumption all have a considerable influence. 
Van Soest and coworkers developed a "summative equation", 
which after several modifications became: digestibility = 
.98 (100-W)-12.9 + W(1.473-.789 log L) - 3.0 (SiOg). Where 
W = percent cell walls,, L = percent lignin, and SiOg = percent 
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silica. This equation has been reported to be very closely 
correlated with both in vivo and in vitro data (Van Soest, 
1965b, 1967; Van Soest and Jones, I968; Van Soest, Wine, and 
Moore, I966). Although this seems to be the most accepted 
equation to predict digestibility from chemical analyses, some 
contradictory results indicate that the equation cannot be 
applied in all cases, and that some results are not satis­
factory (Deinum and Van Soest, 1969; Duble et al., I97I). 
Studies with tropical and subtropical species indicate 
that results using the summative equation have been unsatis­
factory in the Philippines, Johnson et al. (1973); in Puerto 
Rico, Kayongo Male, Thomas, and Ullrey (1972); in Nigeria, 
Olubajo et al. (1974); in Australia, Mcleod and Minson (1969b), 
Minson (1971b); and in Venezuela, Parra et al. (1972). One of 
the explanations given by Olubajo et al. (1974) is that 
neither the in vitro technique nor the summative equation 
estimates digestibility adequately because they do not estimate 
in vivo digestibility of tropical grasses. 
Among the individual compounds, lignin seems to be the 
one most closely correlated with digestibility (Deinum, 1971; 
Hart, 1967; Kivimae, I9665 Mowat et al., I969). Silica has 
given low correlation coefficients, and does not seem to be 
a good indicator of quality in tropical grasses (Johnson 
et al., 1973; Minson, 1971b; Parra et al., 1972). According 
to Van Soest (I967, 1973b), the nutritive availability of 
the cell wall fraction is not uniform among forages, and 
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due to the dual nutritive character of plant DM (CWC and 
CC), the use of single factors to predict whole DM digesti­
bility is contra-indicated. 
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GENERAL EXPERIMENTAL PROCEDURE 
A field experiment was conducted at "Tulio Ospina 
Experiment Station", Medellin, Colombia, South America, located 
at 6°27' latitude north and 75°32' longitude west. The ex­
perimental site is located at an altitude of 1438 m above sea 
level. The mean temperature is 21°C with very little seasonal 
variation. Diurnal vairations range between 2? and 16°C, the 
average daily maximum and minimum temperatures, respectively 
(Figure 1). The average relative humidity is 75 percent, with 
a tendency to be higher during the wet seasons and lower dur­
ing the dry seasons (Figure 2). The average annual precipita­
tion is 1500 mm distributed in two wet seasons and two rela­
tively dry seasons, each of approximately 3 months of duration. 
The driest months are December through February and June 
through August (Figure 3). 
Soil on the experimental field site is young alluvial, 
with a physical analysis of 33-33 percent sand, 42.59 percent 
silt, and 22.08 percent clay. Table 1 includes some of the 
chemical characteristics of this soil. Prior to experimenta­
tion, the amounts of phosphorus (P) and potassium (K) were 
between intermediate and low. Therefore, 39.3 kg/ha of P 
(90 kg/ha of PgOf) and 24.9 kg/ha of K (30 kg/ha of KgO) were 
uniformly applied at the beginning of the experiment. Super­
phosphate and KCl were the sources of P and K, respectively. 
The treatments consisted of the three species, napier-
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maximum 
mean 
minimum 
Figure 1. Average monthly temperatures at the experimental 
site (1968-1972) 
Figure 2. Average relative humidity at the experimental 
site (1968-1972) 
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Table 1. Chemical analysis of the soil at the experimental 
field site 
pH OM, % 
P, ppm 
Bray II 
Ca Mg K Na GEO 
-mcq/ Xvv 
6.2 1.9 8.5 5.82 3.78 0.08 0.65 12.4 
grass, guineagrass and paragrass, with and without N applica­
tion (0 and 50 kg/ha) for a total of six treatments. The 
application of N was repeated after every harvest. These were 
arranged in randomized blocks with three replications. The 
source of N was urea with 46 percent N. 
The plots consisted of individual plants separated 1 m 
apart and 1 m between rows, forming squares; the size of each 
plot was 20 by 20 m. Vegetative material, mostly rhizomes and 
pieces of crown, was used in establishment in May 1971» The 
resulting first growth was variable and, thus, the plots were 
harvested in August and the material discarded. The N treat­
ments were applied in August and five consecutive harvests were 
taken between October 18, 1971 and July 3> 1972. Harvests were 
9 weeks apart, regardless of the season or stage of development 
of the plants. 
Prior to harvesting the whole experiment every 9 weeks, 
six individual plants were selected at random in each plot for 
height and number of stems measurements. Napiergrass and 
guineagrass were harvested, as close to the ground as possible, 
but for paragrass a stubble of approximately 20 cm was left. 
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Management allowed a good regrowth of the plants. Green 
forage was weighed in the field and two 1-kg samples taken. 
One sample was used to determine percentage DM after oven-
drying and then ground, to be used for in vitro digestibility 
and chemical analyses. The second sample was separated into 
leaves and stems to determine the leaf to stem ratio. 
Approximately one-half of the remaining crown or stubble 
mass was dug out, cleaned, dried, and ground for TNC determina­
tions. Also, six plants were similarly removed and processes 
at 1, 2, and 3 weeks after harvest to determine aftermath 
growth and TNC fluctuations. Since there was only one plant 
p 
per square m (m ), aftermath DM production per plant was re-
2 ported as g/m . Plants in the borders of the plots were never 
sampled, and none of the plants was sampled twice during the 
experimental period. This was done to avoid variation result­
ing from removal of crown or stubble portions. 
The samples taken for both in vitro and TNC determinations 
were placed in sealed, dark-glass bottles and stored in a cold 
room at 4°C until they were brought to Iowa State University 
for laboratory analyses. 
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SECTION I. NONSTRUCTURA.L CARBOHYDRATE RESERVES 
Introduction 
The levels and trends of TNC in storage organs during the 
aftermath growth have been considered a convenient parameter 
to estimate the carbohydrate energy readily available to the 
plant. Estimation of TNC is usually more useful in management 
studies than estimating each individual fraction of the TNC 
such as sugars, starches, and fructosans (Greub and Wedin, 
1969a; Smith, 1969; Smith et al., 1964). 
In grasses of tropical and subtropical origin and legumes 
the most important reserve carbohydrate is starch, but sucrose 
can constitute a sizeable portion of the TNC during some 
periods in the life of the plant (Bender and Smith, 19?3; 
Greub and Wedin, 1969a). 
The cyclic pattern of use and storage of carbohydrate 
reserves is influenced by environmental conditions, growth 
habit, species, and management (Smith, 1973). 
Hence, this study was conducted in part to follow the 
levels and trends of TNC during wet and dry seasons, with 
and without N fertilization, and to explain their influence 
on the aftermath growth of napiergrass, guineagrass and 
paragrass. 
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Materials and Methods 
Napiergrass, guineagrass, and paragrass were harvested 
at "Tulio 0spina" Experiment Station, Medellin, Colombia, 
South America, as previously described. According to Crowder 
(i960), napiergrass and guineagrass can be harvested at about 
the ground level without affecting survival aftermath growth 
of the plants, but a 20-cm stubble must be left for paragrass 
to assure a good regrowth. This indicates that the storage 
organs of napiergrass and guineagrass are the crown, roots, 
and underground organs, while the lower portions of the stem 
and rhizome are most important for storage in paragrass. 
Five general harvests were made during the experimental 
period, October 18 and December 20, 1971• and February 28, 
May 2, and July 3. 1972. The rainfall registered in the 9 
weeks prior to each harvest was considered as that most 
associated with every harvest. These amounts were 50I, 172, 
114, 214, and 405 mm, respectively, for the consecutive 
harvests. Under the environmental conditions of the experi­
mental site, the first and fifth harvest can be considered 
as completed during the wet season, the second includes the 
end of the wet season and beginning of the dry season, the 
third corresponds to the dry season, and the fourth corres­
ponds to the end of the dry season and beginning of the wet 
season. 
About one-half of the carbohydrate storing organs of six 
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plants taken at random from each plot were dug out and placed 
in plastic bags in an ice chest to minimize losses of carbo­
hydrates by respiration. The samples were then washed and 
cleaned, cut in small pieces, and placed in a temperature-
controlled oven for 1 hour at 100°C, followed by approximately 
48 hours at 70°C. Although freeze-drying is reported to be 
more satisfactory than oven-drying (Bums, Noller, and Rhykerd, 
1964; Smith, 1969), oven-drying is considered adequate. 
Martin (1973) reported no significant differences in analyses 
of samples, following freeze-drying and oven-drying at 70°C. 
Following drying the tissue was ground to pass a 40-mesh 
screen (Greub and Wedin, 1969b). Samples were then placed in 
50-CC, dark-colored bottles, and oven-dried in the bottles at 
70°C for 24 hours. Bottles were capped inside the oven, 
removed and sealed with a mixture of molten wax and paraffin 
by immersing the bottles to avoid any contact of the material 
with moisture from the environment. The samples were stored 
in a cold room at 4°C until they were brought to Iowa State 
University for the various laboratory analyses. Duplicates of 
every sample were taken. 
At intervals of 1, 2, and 3 weeks after every harvest, six 
plants were selected at random from each plot and samples 
taken following the same general procedure to observe the 
levels and trends of TNC during the regrowth period. Prior 
to digging of the plants the aftermath growth was harvested for 
yield to obtain the aftermath DM production. 
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The laboratory analysis for a quantitative determination 
of TNC required the removal of nonstructural polysaccharides, 
sucrose, glucose, and fructose from the storage tissue and 
conversion of the nonstructural polysaccharides and sucrose 
into monomeric reducing units without destruction of fructose 
and with minimim removal and hydrolysis of structural carbo­
hydrates. To accomplish this, various methods of extraction 
of TNC have been described. The most common analysis for 
fructosan-storing species consists of digestion with sulfuric 
acid of different concentrations (Greub and Wedin, 1969a; 
Smith et al., 1964). Extraction with sulfuric acid in legumes 
did not result in a complete hydrolysis of starch to glucose 
when low concentrations were used and high concentrations re­
sulted in destruction of fructose (Greub and Wedin, 1969a). 
For legumes and presumably tropical forages, the method of 
extraction with Clarase 900^  (takadiastase) developed by 
Weinmann (19^ 7), slightly modified by Lindahl, Davis, and 
Sheperd (I949), and stepwise described by Smith (I969), seemed 
the most appropriate because the enzyme would completely 
hydrolyze the starch to glucose. A mild acid hydrolysis 
subsequent to the enzyme extraction enhances hydrolysis of 
fructosans (Greub and Wedin, 1969a). 
After extraction and hydrolysis of the TNC, the reducing 
C^larase 9OO is the trade name of a purified takadia­
stase enzyme of fungal origin used in the extraction of forage 
polysaccharides. It is available from Miles Chemical Company, 
Elkart, Indiana. 
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power can be measured by several titration or colorimetric 
procedures. However, the Shaeffer-Somogyi copper-iodometric 
titration method described by Heinze and Murneek (1940) and 
Smith (1969) has proved to be the most acceptable method. 
To be certain that a sound estimate of the carbohydrate 
values would be obtained, the modified Weinmann method as 
described by Smith (I969) was compared with and without the 
subsequent acid hydrolysis. Reducing power was measured by 
the Shaeffer-Somogyi method. Detailed description of the 
laboratory procedure is found in Appendix El, taken from 
Smith (1969). 
The data of this comparative study were analyzed at the 
Iowa State University Computation Center, using statistical 
analysis systems (SAS) (Barr and Goodnight, 1972). Analyses 
of variance and simple correlation coefficients were run. 
Duncan's multiple range test was used according to Steel 
and Torrie (i960) for analyses of the significant differences 
at the P < .05 and P < .01 levels of significance; reference 
to "significant" in the text hereafter indicates statistical 
significance at the P < .05 level, and "highly significant" 
indicates statistical significance at the P < .01 level. 
Results and Discussion 
Fluctuation in TNG 
Data resulting from two methods of extraction, with and 
without hydrolysis were found to be different, the difference 
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being highly significant, by a t-test with a t = 3.66** and 
t table a = .01, 359 d.f. = 2.326. The method of extraction 
followed by acid hydrolysis (HTNC) yielded an overall mean of 
19.76 percent TNC, against I5.6O percent obtained with the 
method of extraction with no subsequent acid hydrolysis 
(NHTNC), or an overall difference of 21 percent higher for 
HTNC. The overall correlation between HTNC and NHTNC was 
highly significant, with r = O.89**, indicating that all 
values were in the same relative order. The difference between 
methods varied for species with I3.3I percent for napiergrass, 
22.97 percent for guineagrass and 29.16 percent for paragrass. 
The HTNC method yielding the highest values in all cases. The 
effect of acid hydrolysis can be visualized in Figure 4. 
Further information is found in Appendix Tables Bl, B2, and 
B3. Similar results were reported by Greub and Wedin (1969a), 
who recommended the method of extraction with enzyme followed 
by acid hydrolysis as the one yielding the best results with 
legumes. Since tropical grasses apparently accumulate the 
same kind of reserve carbohydrates as legumes, the same 
principles could be applied. The results also seem to indi­
cate thax starch is undoubtedly the main reserve carbohydrate, 
comprising about 79 percent of the TNC as determined by ex­
traction with the enzyme alone. Yet other polysaccharides, 
likely fructosans, were not hydrolyzed by takadiastase but were 
hydrolyzed by 0.1 N sulfuric acid and they represented a 
significant 21 percent of the TNC. The difference between 
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HTNC and NHTNC was relatively constant, which could be inter­
preted as an indication that starch digested by either method 
is a more readily available form of energy for tropical 
grasses. Apparently, starch was the carbohydrate that fluc­
tuated, while the acid hydrolyzable polysaccharide(s) re­
mained more or less constant. 
The difference in TNG was highly significant for the 
three species. Napiergrass analyzed highest in TNG, using 
either the HTNC or NHTNC methods of extraction. Paragrass 
was intermediate, and guineagrass analyzed lowest in TNG. The 
level of TNG also changed among different harvests; precipita­
tion fallen during the 9 weeks prior to the harvest had a 
marked influence in the level of TNG. The TNG levels were 
higher during the wet periods. During the periods of low 
precipitation, the level of available moisture limits growth 
more than photosynthesis, which results in an accumulation of 
carbohydrates in the storage organs. Conversely, conditions 
of high available moisture that promote rapid growth result 
in lower TNG levels. Similar results have been reported by 
Brown and Blaser (I965, 1970). Table 2 includes TNG obtained 
with and without subsequent hydrolysis through the five 
experimental harvests. 
Application of N did not affect the level of TNG. Using 
HTNC, the overall means were 20.02 percent for the control and 
19.50 percent for samples from the treatment of 50 kg/ha after 
each harvest. For NHTNC, the values were 15.64 percent and 
Table 2, Percentage TNC at harvest time using two methods of extraction^ 
Method of Harvest Rainfall 
extraction no. mm Napiergrass Guineagrass Paragrass Mean 
HTNG 1 501 23.75de 8. 08a 22.25cd 18.03a 
2 172 27.92f 9.96a 23.76de 20.54b 
3 114 30.81g 12.34b 24.66e 22.61c 
4 214 24.78e 9.35a 20.74c 18.29a 
5 405 24.93e 9.45a 23.67de 19.35ab 
Mean 26.44c 9.84a 23.01b 
NHTNG 1 501 21.48e 6.62a l6.84cd 14.98a 
2 172 23.44f 7.42ab 16.06cd 15.64ab 
3 114 26.47g 8.83b 17.12d 17.47c 
4 214 21.57e 7.45ab I4.97cd 14.66a 
5 405 21.62ef 7.60ab 16.55cd 15.26ab 
Mean 22.91c 7.58a 16.31b 
Means are comparable horizontally or vertically, for every method of extrac­
tion. Values inside the table are also comparable for every method of extraction. 
Comparable values with a letter in common do not differ at the P < 0.01 level. 
^Amount of precipitation registered during the 9 weeks prior to every harvest. 
50 
15*56 percent for the same treatments, respectively. 
The fluctuation of TNG after harvest was supposedly due 
to utilization of the reserve carbohydrates during the first 
weeks of regrowth. The extent of utilization of the reserves 
was influenced by precipitation. When there was a high pre­
cipitation associated with the harvest and more moisture 
available for growth, a higher proportion of TNC was used. 
During the dry season, only a small part of the reserves was 
utilized. Napiergrass used its reserves during the first 3 
weeks, but guineagrass apparently used reserves only during the 
first 2 weeks after harvest, after which TNC levels remained 
constant. This indicates that by the third week after harvest, 
photosynthetic activity at least equaled respiration. In para-
grass, the utilization of TNC continued for 2 weeks, for by the 
third week, the original or higher levels of reserve carbohy­
drates were reached. This indicates that this species depends 
less on TNC and more on remaining leaf area for its recovery 
after harvest. The trend of TNC can be visualized in Figures 
5, 6, and 7 for napiergrass, guineagrass, and paragrass, 
respectively. Further details are found in Appendix Tables 
Bl, B2, and B3. 
Aftermath dry matter production 
The aftermath DM production was affected by N application, 
the effect being more noticeable where growing conditions were 
favorable. The application of N was apparently not important 
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in the first week of regrowth where the conditions for growth 
were good. Again, this meant that there was enough moisture 
available for growth and the. plants depended primarily on re­
serves to initiate regrowth (Appendix Table B4). 
Napiergrass and guineagrass recovered quickly after har­
vest. There was no difference between these two species with 
respect to DM produced in the first 3 weeks after harvest; 
however, paragrass produced a significantly lower amount of 
DM during this regrowth (Table 3 ) «  
The amount of aftermath DM tended to follow an exponential 
curve, with the slope of the curve depending on growing con­
ditions and the fastest increases in growth found when there 
was no deficit or excess of moisture. The best conditions 
occurred at the time of the fourth harvest. The three species 
responded accordingly. Figures 8, 9i and 10 illustrate the 
pattern of regrowth in the three species through the five 
experimental harvests. 
Relationship between TNG and aftermath dry matter production 
As aftermath DM increased after harvest, percentage TNG 
decreased. This decrease indicates that a portion of the 
reserves were being used as a source of energy for the plant. 
The time that the plant depended on TNG totally or partially 
for its regrowth changed with the species, as can be seen in 
Figures 5 through 10. Napiergrass in general used the TNG 
reserves 3 weeks after harvest. Paragrass accumulated reserves 
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2 Table 3» Aftermath DM production, g/m , at weekly intervals 
of the three species under study^ 
harvest Napiergrass Guineagrass Paragrass Mean 
1 21.9b 22.7b 7.5a 17.4a 
2 101.7c 111.7c 43.7b 85.7b 
3 265.5d 270.8d 133.8c 223.4c 
Mean 129.7b 135.1b 61.7a 
^eans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
at 3 weeks, with the exception of harvest three when the grow­
ing conditions were unfavorable. For guineagrass, the trends 
were intermediate and, in general, the amount of TNG used lev­
elled off indicating that use of carbohydrates had at least 
equalled the amount of carbohydrates produced in photosynthesis. 
When growing conditions were favorable, the TNG reserves were 
accumulated in guineagrass. The overall correlation coeffi­
cients between HTNG and aftermath growth are included in Table 
^ and Appendix Table B5. Whether correlation is positive or 
negative depends on the time after harvest and the growing 
conditions. Close after harvest the correlation is negative 
in most cases, but it changes to positive when TNG starts to 
build up. This change occurred sooner when the growing 
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Table 4. Simple correlation coefficients (r 
HTNC and aftermath DM production 
values) between 
Species 
Harvest no. Napiergrass Guineagrass Paragrass 
1 
-0.55** -0.65** -0.24 
2 
-0.59** -0.38 -0.08 
3 -0.67** -0.22 -0.61** 
4 
-0.73** -0.47* -0.05 
5 -0.33 -0.14 0.13 
•Probability P < 0.05 that a correlation coefficient as 
large or larger would occur due to chance alone. 
••Probability P < 0.01 that a correlation coefficient as 
large or larger would occur due to chance alone. 
conditions were favorable which indicates; that the better the 
growing conditions, the faster the plant becomes self-
sufficient after harvest, and less dependent on TNG reserves. 
Conclusions 
The amount of TNG reserves and aftermath DM production 
was determined at weekly intervals at 1, 2, and 3 weeks after 
harvest for napiergrass, guineagrass, and paragrass. The 
amount of TNG was determined with (HTNC) and without acid 
hydrolysis (NHTNC) after extraction. Values determined via 
HTNC were consistently higher than NHTNC by about 21 percent, 
although values obtained by both methods of analyses followed 
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the same trend and were highly correlated. 
The carbohydrate reserves decreased after harvest in the 
three species, but much less in paragrass than in napiergrass 
or guineagrass. The amount of TNG reserves decreased for the 
whole sampling time in napiergrass, except when the growing 
conditions were very good. This indicates that this grass 
depends partly on its reserves for regrowth for a longer time 
than in guineagrass or paragrass. Guineagrass used its re­
serves between 1 and 2 weeks after harvest and then accumulated 
reserves again. Paragrass also depleted reserves after har­
vest, but in lower proportion than napiergrass or guineagrass, 
Paragrass recovered the original level of TNG at about 3 weeks 
after harvest indicating that this species is less dependent 
on TNG reserves and probably more on the remaining leaf area 
for its survival. 
Where growing conditions were unfavorable, the dependence 
on TNG reserves for regrowth lasted for a longer time, and when 
the growing conditions were good, plants quickly became self-
sufficient. Under dry season conditions, the amount of TNG 
reserves was higher than during the wet season. The results 
suggest that TNG reserves are more important for survival 
during the dry season. During the wet season the plant can 
survive with lower levels of reserves. 
The application of N did not affect significantly the 
level of TNG reserves, although the values were a little 
higher for the control. 
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Aftermath DM production was affected by N application, 
but only after the first week, which indicates that the plant 
depends mainly on ito own reserves to initiate regrowth. After 
the first week, however, the availability of nutrients in the 
soil may become limiting. The amount of regrowth during the 
first 3 weeks after harvest also depended on the amount of 
available moisture. The aftermath DM production tended to 
follow an exponential curve. 
Aftermath DM production and TNG were negatively correlated 
during those periods when the plant was using its reserves. 
When the plant became self-sufficient, the correlation was 
positive. This indicates that after a certain time, depending 
on species and growing conditions, there is a switch from use 
to storage of reserves as the plant develops. 
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SECTION II. FORAGE YIELD 
Introduction 
It is widely accepted that nutrient availability and 
environmental conditions determine forage yield to a great 
extent. When the tropical grasses are fertilized, especially 
with N, the result is a dramatic increase in DM production if 
the growing conditions are favorable. However, it is useful 
to analyze the components of that increase in DM, namely 
stems and leaves, and to determine the leaf to stem ratio to 
have a better understanding of the benefits of fertilization. 
Protein is one of the most limiting factors in tropical 
feeds. The percentage of CP in tropical grasses can be in­
creased with N applications according to some authors. Others 
have failed to find increases in percentage CP but have re­
ported increases in total CP per unit area resulting from N 
fertilization. 
Since fertilization is one of the most expensive prac­
tices in forage production under tropical conditions it is 
important to determine both percentages of recovery and the 
efficiency of the forages in using the applied fertilizer under 
different environmental conditions. 
Hence, this study was designed to establish the different 
components of forage yield (DM, number of stems, height of 
the plants, leaf to stem ratio and CP production) to determine 
how these components were affected by low rates of N 
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fertilization (0 and 50 kg/ha after harvest) during the wet 
and dry seasons, and to determine efficiency of use and re­
covery in the forage of the applied N during the two seasons. 
Materials and Methods 
Once the plants were established and the fertilization 
treatments applied as described, five experimental harvests 
were made between October 1971 and July 1972, covering both 
wet and dry seasons. After every harvest the N treatments 
were applied again. 
Before each harvest, six plants were selected at random 
in each plot and height, as well as stem number per plant, 
was measured. The plants were harvested and weight of the 
green forage was recorded. Two samples of 1 kg each were 
taken; one for DM production was dried for 1 hour at 100°C, 
followed by 48 hours of drying at 70°C. After determining 
DM, the sample was ground to pass a 40-mesh screen. The 
material was placed in 50-cc, dark-colored bottles, redried 
in the oven for 24 hours, sealed, and stored in a similar 
manner to the samples taken for carbohydrate determination 
(described in previous section). The samples of forage were 
brought to Iowa State University for CP and digestibility 
analyses. The second sample taken in the field was separated 
into leaves and stems and dried in the oven in a similar way. 
Following drying, both fractions were weighed to calculate 
leaf to stem ratios. 
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The laboratory analysis consisted of a quantitative de­
termination of CP "by the routine modified micro-Kjeldahl 
method to determine N, as described by Perrin (1953)» De­
tailed description of this method is found in Appendix E2. 
Nitrogen recovery and efficiency were calculated as 
followsI 
(Ni - Np) 
Percentage N recovery = ^ x 100 
where: = DM k^ha x percentage N when N was applied 
Ng = DM kg/ha x percentage N in control 
50 = amount of N applied in kg/ha 
DMn - DMp 
N efficiency = ^ 
where: DM^ = DM kg/ha produced when N was applied 
DMg = DM kg/ha produced by the control 
50 = amount of N applied in kg/ha 
Data were analyzed at the Iowa State University Computa­
tion Center, using the Statistical Analysis System (SAS) (Barr 
and Goodnight, 1972). Analyses of variance and simple corre­
lation coefficients were run. Duncan's Multiple Range Test 
was used according to Steel and Torrie (i960) for analyses of 
the significant differences at the P < 0.05 and P < 0.01 
levels of significance. 
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Results and Discussion 
Dry matter yield 
Dry matter production was increased (P < 0.01) when N 
was applied after every harvest. There were also highly 
significant differences among species; napiergrass having the 
highest production and paragrass the lowest, with guineagrass 
intermediate. Table 5 includes data indicating the effect of 
N application on DM production. 
Production of DM changed from harvest to harvest and 
tended to be higher when precipitation was most favorable. The 
three species did not respond equally to precipitation. Napier­
grass showed the most dramatic increases in DM production as 
precipitation increased during the 9 weeks prior to the harvest 
(Table 6 and figure 11). Guineagrass and paragrass without 
fertilization decreased in DM production during the dry season, 
but less so than napiergrass. Under conditions of N fertiliza­
tion, the decrease in DM production resulting from moisture de­
ficiency was even greater, except for paragrass (Figure 12). 
These results suggest that the tremendous potential of 
napiergrass to produce DM can be much better utilized with 
either adequate amounts and distribution of precipitation or 
irrigation coupled with N fertilization. Guineagrass seems 
to be a valuable species under natural conditions and is able 
to maintain a good production in zones with a distinct dry 
season, yet production can be considerably increased with 
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Table 5* Effect of N application on DM production (kg/ha) of 
the three species under study 
Species 
kg/ha Napiergrass Guineagrass Paragrass Mean^ 
0 3280 2782 180? 2623a 
50 4411 3516 3027 3651b 
Mean 3846c 3149b 2417a 
^eans are comparable horizontally or vertically. Com­
parable means with a letter in common do not differ at the 
P < 0.01 level. 
Table 6. Effect of harvest on DM production (kg/ha) of the 
three species under study 
Species 
no. mm Napiergrass Guineagrass Paragrass Mean^ 
1 501 4967e 3800cd 236lab 3709b 
2 172 2683ab 2511ab 2156a 2450a 
3 114 2450ab 2644ab 2028a 2374a 
4 214 3150bc 2906abc 2867ab 2974a 
5 405 5978f 3883cd 2672ab 4178c 
Mean 3846c 3149b 2417a 
^eans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
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Figure 11. Total DI\{. production of the three species under study 
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fertilization during the wet season or under irrigation. 
Paragrass also increased production when N was applied, and 
the decrease in DM production during the dry season was not 
as severe as for napiergrass or guineagrass. This suggests 
that while it may not be beneficial to fertilize napiergrass 
or guineagrass during the dry season, it could be beneficial 
under certain circumstances to fertilize paragrass at that 
time (Table 6, Figure 11, Appendix Table CI). 
Height 
Plant heights were significantly (P <0.01) different among 
the three species under study, with highest to lowest values 
reversed from that of DM production. For plant height, para­
grass was the tallest, although it produced less DM than 
napiergrass or guineagrass. This probably results from the 
growth habit of paragrass which sends long and thin runners, 
the length of which was considered as plant height. In con­
trast, the other two species produce robust, erect, but some­
what shorter stems. Nitrogen fertilization also increased 
the plant height in a highly significant way (Table ?)• Height 
of the plants and DM production were highly and positively 
correlated (r=0.86**). 
The amount of precipitation associated with every harvest 
was significantly (P < 0.01) associated with height of the 
plants (Table 8). Additional information can be found in 
Appendix Table 02. 
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Table ?. Effect of N application on height (cm) of the three 
species under study 
N Species 
kg/ha Napiergrass Guineagrass Paragrass Mean^ 
0 78 83 98 86a 
50 9^ 88 113 98b 
Mean 86a 86a 106b 
^eans are comparable horizontally or vertically. Com­
parable means with a letter in common do not differ at the 
P < 0.01 level. 
Table 8. Effect of harvest on plant height (cm) of the three 
species under study 
Harvest Rainfall Species 
no. mm Napiergrass Guineagrass Paragrass Mean^ 
1 501 lllef ll4ef 97cde 108c 
2 172 77ab 85bc 106def 89b 
3 114 67a 74a 107def 83ab 
4 214 62a 64a 95bcde 74a 
5 405 112ef 90bcd 123f 108c 
Mean 86a 86a 106b 
^eans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
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Number of stems per plant 
The number of stems per plant varied in a pattern unlike 
DM production. Fertilization with N significantly increased 
the number of stems, being higher when N was applied. Highly 
significant differences in the number of stems per plant was 
shown among the three species (Table 9)- Napiergrass and 
guineagrass did not differ in the number of stems per plant, 
yet these grasses were both more stiff-stemmed and heavier 
than the thin, abundant and elongated stems of paragrass. 
The number of stems also increased during the dry season 
(Table 10), which may have resulted to facilitate plant sur­
vival under unfavorable conditions. Stems were smaller and 
weaker and contributed much less DM than fewer, vigorous stems 
produced during the wet season. Thus, the number of stems 
which develop may be determined by the moisture conditions 
soon after harvest. This is suggested from the results of the 
fourth harvest, as the third harvest was made at the end of the 
dry season. Even though dry conditions prevailed for about 3 
weeks after the third harvest, after which there was ample 
precipixation, the number of stems had already been induced. 
Also, when the harvest occurred during the wet season, a lower 
number of buds developed into stems, suggesting a higher 
degree of apical dominance. 
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Table 9. Effect of N application on number of stems per plant 
of the three species under study 
N Species 
kg/ha Napiergrass Guineagrass Paragrass Mean^ 
0 106 112 159 126a 
50 113 149 208 157b 
Mean 110a 131a I84b 
^eans are comparable horizontally or vertically. Verti­
cal means differ at the P < 0.05 level. Horizontal means 
differ at the P < 0.01 level. 
Table 10. Effect of harvest on number of stems per plant of 
the three species under study 
Harvest Rainfall Species 
no. mm Napiergrass Guineagrass Paragrass Mean^ 
1 501 35a 55ab 8lbc 57a 
2 172 103cd 122de l64f 130b 
3 114 159f 151ef 213g 174cd 
4 214 I62f 178fg 240g 193d 
5 405 89bc 150e f 222g 154c 
flean 110a 131a 184b 
Cleans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
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Leaf to stem ratio 
The leaf to stem ratio measured on a dry basis indicates 
that, in general, napiergrass and guineagra.ss have a good de­
gree of leafiness. For these species, the leaf to stem ratio 
was greater than 1.0, but for paragrass, a much stemmier grass, 
the ratio was always below 1.0. 
The application of N did not affect the leaf to stem 
ratio. The ratio was affected by the availability of moisture 
during the 9 weeks prior to each harvest. During the dry 
season, the amount of leaf tissue represented a higher propor­
tion of the total DM, as compared to that of the wet season. 
This may be explained by the fact that during thm dry season 
stems were poorly developed but had a good number of leaves, 
yet they were small as compared to the size of the leaves 
during the wet season. 
During the rainy season, stems developed very well and 
accounted for a higher proportion of the DM, thus lowering the 
leaf to stem ratio (Table 11). 
Crude protein production 
The production of CP has been reported to be increased 
with N fertilization in the generally protein-deficient 
tropical grasses. Two types of data were used to document CP 
production; one was the percentage of CP in the forage and the 
other was the amount of CP harvested per unit area. 
The CP percentage of the forages was not increased as a 
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Table 11. Effect 
three 
of harvest on leaf to stem ratio of 
species under study 
the 
Harvest 
no. 
Rainfall 
mm 
Species 
Napiergrass Guineagrass Paragrass Mean^ 
1 501 0.89ab 0.93ab 0.33a 0.72a 
2 172 1.93cd 1.02abc 0.40a l.llab 
3 114 3.24e l.BOcd O.yéab 1.93c 
4 214 2.07d 1.87cd 0.81ab 1.58bc 
5 405 1.Olabc 1.36bc 0.45ab 0.94a 
Mean 1.83c 1.39b 0.55a 
^eans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
result of N application. Likely, the rate of N applied (50 
kg/ha) after every harvest was only high enough to cause a 
highly significant increase in DM production (with a dilution 
of the protein), yet not high enough to influence CP percentage. 
Presumably, the CP percentage would have increased with higher 
rates of N, similar to data reported by Burton et al. (I963), 
Caro-Costas and Vicente-Chandler (I96I). 
The CP percentage changed from harvest to harvest and 
tended to be lower when DM production was higher. This is 
shown for the first and last harvest, which seems to confirm 
the Theory that when fertilization promotes an increased DM 
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production, there is a dilution of the protein in a higher 
DM mass. Napiergrass was significantly (P < 0.01) higher 
in CP percentage than paragrass. Guineagrass was intermediate 
in percentage and did not differ significantly from either 
napiergrass or paragrass (Table 12, Figure 13» and Appendix 
Table C3). Both guineagrass and paragrass were low in per­
centage CP during the dry season (third harvest), yet napier­
grass analyzed as one of the highest percentages at this 
time. This could be explained by the fact that during the 
middle of the dry season there was some precipitation regis­
tered (Figure 3) which napiergrass may have used efficiently 
to absorb a major proportion of the available N. These results 
obtained with guineagrass and paragrass agree with those of 
Minson and Milford (1967), Moore and Mott (1973). and 
Olubajo et al. (1974). 
When CP was measured in terms of production per unit area 
there was a significant increase due to the effect of N 
application. Napiergrass produced significantly (P < 0.01) 
more CP in kg/ha than either guineagrass or paragrass (Table 
13). The increase in CP production resulting from N applica­
tion can be explained in terms of the dramatic Increase in DM 
that resulted from N application when moisture was available 
for plant growth (Appendix Table C4). 
The amount of CP produced per unit area decreased sig­
nificantly during the dry season, especially during the third 
harvest. These data agree with the results of Moore and Mott 
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Table 12. Effect of harvest on percentage CP of the three 
species under study 
Harvest 
no. 
Rainfall 
mm Napiergrass Guineagrass Paragrass 
1 501 6.44abc 7.34abc 6.82abc 
2 172 8.I4de 8.91de 7.57cd 
3 114 9.38e 6.72abc 6.71abc 
4 214 9.55e 8.71de 8.87de 
5 405 7.44bcd 6.02ab 5.83a 
Mean'' 
6.87a 
8.21b 
7.61b 
9.04c 
6.43a 
Mean 8.19b 7.54ab 7.16a 
e^ans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
Table 13. Effect of N application on CP production (kg/ha) of 
the three species under study 
Species 
kg/ha Napiergrass Guineagrass Paragrass Mean^  
0 273.4 205.7 130.5 203.2a 
50 323.4 261.8 217.4 267.5b 
Mean 298.4c 233.8b 173.9a 
"^ ileans are comparable horizontally or vertically. Com­
parable means wi~h a letter in common do not differ at the 
P < 0.01 level. 
^  N ap ie rg ross  
^  Guineogross  
#  Poragrass  
Figure 13. CP percentage of the three species under study 
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(1973) who reported that CP deficiency is more critical in the 
tropical grasses at the end of the dry season. In our study, 
the decrease in CP production was evident, beginning early in 
the dry season (second harvest). During the wet season, CP 
production per unit area was higher both with and without N 
application, but the beneficial effect of N fertilization was 
much more noticeable during the wet season. Results are in­
cluded in Table 14 and Appendix Table C4, 
Table 14. Effect of harvest on CP production (kg/ha) of the 
three species under study 
Harvest Rainfall 
no. mm Napiergrass Guineagrass Paragrass Mean 
1 501 307.8f 275.2def 160.3ab 247.8b 
2 172 218.4bcd 224.0bcde 163.Oabc 201.8a 
3 114 227.7bcde I77.5abc 132.1a 179.1a 
4 214 299.9ef 254.2def 258. Ida f 270.7b 
5 405 438.2g 237.7cdef 156.3ab 277.4b 
Mean 298.4c 233.8b 173.9a 
^eans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
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Nitrogen recovery and efficiency 
The recovery of fertilizer N, measured from percentage of 
the N in the forage DM, was low when compared with the results 
obtained by some workers in the temperate zone (Rhykerd and 
Noller, 1973; Wedin, 1974), but were comparable to recoveries 
ranging from 26 to 30 percent for smooth bromegrass, reported 
by Wagner, 195^ . cited by Wedin (197^ ). The amount of fer­
tilizer N recovered in the forage can range from about 1 per­
cent to occasional recoveries which exceed 100 percent, 
according to Rhykerd and Noller (1973)• Among harvests, re­
coveries showed highly significant differences, being lower 
(5.4 percent) for the second harvest and higher for the first, 
fourth, and fifth harvests (26.6, 26.1, and 31-9 percent, 
respectively). There was no difference among species with 
respect to recovery of the applied N (Table 15). Although 
recoveries were not very high, under tropical conditions it 
can be considered as acceptable during the wet season and poor 
during the dry season. Recovery was negative in one harvest 
during the dry season for both napiergrass and guineagrass, 
which indicates that N was not effectively used by the plant 
when moisture was inadequate. 
The efficiency with which the forages used the fertilizer, 
measured as kg of DBd per kg of N applied, was not significantly 
different for the species under study, yet it changed from 
harvest to harvest, being much higher during the wet season 
(Table 16). 
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Table I5. Percentage N recovery of the three species under 
study 
Harvest Rainfall " a 
no. mm Napiergrass Guineagrass Paragrass Mean 
1 501 25.3 28.2 26.3 26.6b 
2 172 -6.9 7.8 15.2 5.4a 
3 114 20.2 -3.8 22.7 13.0ab 
4 214 12.0 24.1 42.2 26.1b 
5 405 29.5 33.4 32.7 31.9b 
Mean 16.Oa 18.0a 27.8a 
e^ans are comparable horizontally and vertically. Com­
parable means with a letter in common do not differ at the 
P < 0.01 level. 
Table I6. Nitrogen efficiency' 
Species 
no. mm Napiergrass Guineagrass Paragrass Mean^  
1 501 48.0 28.4 21.1 32.5b 
2 172 0.2 6.2 16.0 7.5a 
3 114 18.9 0.9 27.3 15.7ab 
4 214 8.2 10.9 24.9 14. 7ab 
5 405 37.8 26.9 12.0 25.6 
Mean 22.6a 14.7a 20.3a 
E^fficiency expressed in kg of DM per kg of N applied. 
^Means are comparable horizontally and vertically. Com­
parable means with a letter in common do not differ at the 
P < 0.01 level. 
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All the parameters so far analyzed seem to indicate that 
N fertilization in the tropics should be a seasonal practice, 
determined by the weather, dry or wet. Fertilization at the 
end of the wet season or during the dry season does not in­
crease production of DM or CP and has the additional disadvan­
tage of low efficiency and low recovery. Fertilizer N seems 
to be much better utilized during the wet season, although 
specific differences exist among the grasses under study. 
Under certain circumstances, N fertilization of paragrass 
during the dry season would be beneficial because to a certain 
extent the shortage of available moisture is overcome. An 
alternative could be to fertilize during the second half of 
the wet season, thus allowing the grasses to accumulate DM to 
be used during the dry season. 
Changes in the amount of precipitation corresponding to 
every harvest were the most important in affecting yield 
components as analyzed in this study. Simple correlation 
coefficients between precipitation and the plant components 
studied are included in Table 1?. Much less significance was 
noted for the correlation between N application and the plant 
components as indicated in Appendix Table C5. 
Conclusions 
The yield of forage as measured by DM production was 
increased significantly (P < 0.01) with the application of N 
after every harvest, but this response changed from harvest 
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Table 1?. Simple correlation coefficients (r values) between 
precipitation and various plant components 
Plant component Napiergrass Guineagrass Paragrass 
Dry matter yield 0.75** 0.62** 0.14 
Height of the plants 0.80** 0.77** 0.05 
Number of stems/plant -0.80** 
-0.53** -0.47** 
Leaf to stem ratio -0.60** -0.4?** -0.52** 
Percentage CP -0.72** -0.32 -0.31 
^^ Probability P < 0.01 that a correlation coefficient as 
large or larger would occur due to chance alone. 
to harvest. For DM production, there was a significant inter­
action, resulting between N application and precipitation. 
Napiergrass produced more forage than guineagrass and para-
grass, but was more susceptible to water deficiency. Para-
grass, although it produced less forage, responded well to N 
fertilization, even during the dry season. 
The height of the plants was also increased by N applica­
tion. They were taller during the wet season and shorter 
during the dry season, indicating a similar response to N and 
moisture as for DM production. 
The number of stems increased with the application of N, 
and were more abundant during the dry season, although they 
were smaller, weaker, and produced less DM. During the wet 
season, the number of stems was smaller, but they were 
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robust, well developed and much heavier. Paragrass produced 
more stems than either napiergrass or guineagrass. 
The leaf to atem ratio did not change because of N 
application but did change among harvests, being higher during 
the dry season and lower during the wet season. Development 
of larger stems was noted during the wet season. Leafiness 
of napiergrass was the highest among the grasses, followed 
by guineagrass. The highest proportion of stem tissue was 
found in paragrass. 
Percentage CP was not increased by production of CP but 
unit area was increased with N application. Napiergrass and 
guineagrass were higher in percentage CP, as compared to 
paragrass. Napiergrass produced the greatest amount of protein 
per unit area; paragrass was lowest. 
Fertilizer N was recovered in the same proportion by the 
three species under study, but this proportion was higher 
during the wet than during the dry season. The efficiency 
of N utilization followed the same pattern. 
Under conditions of continuous moisture availability, 
napiergrass produced more DM and CP than either guineagrass 
or paragrass, but during the dry season its ability to produce 
was drastically reduced. 
Guineagrass and paragrass tolerated drought much better 
than napiergrass, and although the efficiency of N utilization 
and N recovery decreased during the dry season, guineagrass 
and paragrass were less affected. 
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Fertilization with N should be practiced early in the 
wet season to have a higher efficiency and recovery. An 
alternative is fertilization at the end of the wet season, 
but before the dry season starts. In either case, growth is 
promoted to be used during the dry season. Fertilization 
during the dry season does not seem to be a beneficial practice 
because of low efficiency of N utilization, low recovery and 
small increases in DM or CP production. Only in the case of 
paragrass would it be justifiable, under certain circum­
stances, to fertilize with N during the dry season. 
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SECTION III. FORAGE QUALITY EVALUATION 
Introduction 
Not only the aspect of forage production, but also the 
aspect of forage quality is important when trying to increase 
animal production. Until relatively few years ago, the primary 
method used to evaluate forage quality was through in vivo 
digestibility trials. A measured amount of forage was fed to 
an animal and the undigested collected. By difference the 
amount of material digested was determined. The method has 
some limitations due to the variations from animal to animal, 
the amounts of feed needed, the difficulties in collecting and 
analyzing the excreta, etc. 
In vitro rumen fermentation methods were developed to 
simplify the determination of forage quality by reproducing 
in the test tube, insofar as possible, the conditions within 
the rumen. This allows the analysis of large numbers of 
samples. Once the method has been calibrated, results are 
very accurate. In this method the animal does not directly 
participate, but it is of paramount importance since it pro­
vides the rumen fluid in which the fermentation process takes 
place. 
Another approach for measuring forage quality is accom­
plished by estimating digestibility from chemical analyses, 
withou- intervention of the animal. 
Forage quality evaluation of the three tropical grasses 
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was accomplished in our study by determining percentage IVDMD 
by the modified Tilley and Terry method. The results were 
compared with the results obtained with the chemical 
approach of Van Soest and cowarkers. Also, an estimation of 
percentage IVDMD was calculated using the chemical composition. 
Materials and Methods 
The forage harvested, dried, and stored as described in 
section II was used for the IVDMD determination using the 
method described by Tilley and Terry (1963), as adapted for 
use at the Iowa station. Description of the method is found 
in Appendix E3. 
The chemical analyses for forage quality evaluation con­
sisted of the determination of the different cell components 
as outlined by Goering and Van Soest (1970). The cell compo­
nents determined were neutral detergent fiber (NDF), acid 
detergent fiber (ADF), cellulose, hemicellulose, lignin, and 
silica, as described in Appendix E^ . 
Another determination conducted in the laboratory was 
that of true digestibility (TD) as proposed by Goering and 
Van Soest (1970). Basically, it consists in running the 
Tilley and Terry in vitro procedure up to the end of stage 1, 
which is then followed by the NDF determination as indicated 
in Appendix E4. The TD is calculated as follows: 
Percentage TD = 100 - percentage nondigested residue 
after NDF determination. 
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The scheme for using the summative equation, as proposed 
by Goering and Van Soest (1970), is included in Table 18. 
As can be seen in Table 18, the silica correction accord­
ing to Goering and Van Soest (1970) has a factor of 3.0. 
According to some authors, Chicco and French (I96I), Minson 
(1971a, 1971b), Olubajo et al. (1974), and Smith et al. (I97I), 
the amount of silica only reduces the digestibility of organic 
matter by approximately 1 percent for each percentage unit of 
increase in the silica content of the forage. In some cases 
it does not seem to be related at all, which suggests that a 
value different from 3.0 should be used for silica correction 
in tropical species. So a modification was introduced to the 
summative equation using 1.0 instead of 3.0 as the factor 
for the correction. 
Data were analyzed at the Iowa State University Computa­
tion Center, using the Statistical Analysis System (SAS) 
(Barr and Goodnight, 1972). Analyses of variance and simple 
correlation coefficients were run. A multiple regression 
analysis was made to predict IVDMD based on chemical compo­
nents of the cell or ratios among the different components. 
Duncan's Multiple Test was used according to Steel and Torrie 
(i960) for analyses of the significant differences at the P 
< 0.05 and ? < O.Gi levels of significance. 
Table 18. Scheme for using the summative equation^  
Component 
Analytical 
valued Factor 
Digestible 
amount® 
Cell contents 100 - CWC 0.98 Add 
Lignification CV/G Depends on 
(L/ADF) ratio 
Add 
Silica correction SlOg 3.00 Subtract 
Heat damage effect Artifact lignin^  1.00 Subtract 
Estimated true DDM Sum 
Metabolic fecal losses Subtract 
Estimated apparent DDM Difference 
A^fter Goering and Van Soest (1970). 
A^ll values must be expressed as percentage of whole dry matter. 
A^nalytical value is multiplied by factor to obtain the digestible amount 
and then the process indicated is performed. 
L^ignin and ADF must be corrected if heat damage exists. 
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Results and Discussion 
In vitro dry matter digestibility 
The IVDMD determined by the modified two-stage Tilley 
and Terry method showed relatively low digestibility values, 
as compared to temperate species. These results are in 
general agreement with those of Grant (1973). Minson and 
Mcleod (1970), Moore and Mott (1973). 
Fertilization with N did not increase percentage IVDMD. 
The average was 5^ .61 percent IVDMD for the samples from the 
treatment without N and 5^ -32 percent for samples from the 
treatment of 50 kg/ha after every harvest. This result also 
indicates that N fertilization does not significantly increase 
quality of the tropical forages when percentage IVDMD is taken 
as a measure of quality. This is similar to the results 
reported for percentage CP. 
Results obtained through the five harvests with the 
three species under study are presented in Table I9. Napier-
grass and guineagrass analyzed similarly in percentage IVDMD, 
and both were significantly (P < 0.01) different from para-
grass. Forage from the first harvest had a higher percentage 
IVDMD than the other harvests. This probably results because 
of plant maturity, as the first few harvests were higher in 
percentage IVDMD. As the plants matured there v/as a tendency 
for the plant to decrease in percentage IVDMD down to a rela­
tively low level. The amount of precipitation likely 
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Table 19. . Effect 
three i 
of harvest on percentage 
species under study 
IVDMD of the 
Harvest 
no. 
Rainfall 
mm 
Species 
Napiergrass Guineagrass Paragrass Mean^  
1 501 62.40g 58.61f 54.52cdef 58.51b 
2 173 55" Oodef 57.03f 50.23ab 54.11a 
3 114 51.83bcd 57.27f 49.74ab 52.95a 
k 214 52.68bcde 55.31def 50.76abc 52.92a 
5 405 57.31f 56.66ef 47.62a 53.86a 
Mean 55.85b 56.98b 50.57a 
e^ans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
influenced the percentage IVDMD. Values were lower during the 
dry season, yet the values were not significantly different 
as can be seen by comparing harvest 2 through 5« 
From Table 19 it is evident that guineagrass maintained 
its percentage.IVDMD during the dry season. In paragrass 
that change was; relatively small, while in napiergrass per­
centage' IVDMD during the dry season was over 10 units of 
digestibility lower than during the first wet season. This 
trend for the three species is very similar to the trend 
found for DM production, which confirms the assertaion that 
guineagrass and paragrass are very valuable species in areas 
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with uneven rainfall distribution. They not only keep their 
producing ability during the dry season, but the quality is 
not as much affected as in napiergrass. The results also 
confirm that, under good moisture conditions, napiergrass 
has a high potential, not only for DM production, but also 
for production of a higher quality forage. 
Chemical composition 
The chemical analyses separated the cell into its main 
components CC and CWC. The amount of CWC, determined as NDF 
was high and since the availability of this portion to the 
animal is lower than that of CC, the digestibility of the 
grasses was generally low. This agrees with the findings of 
French (1957. 1961) who concluded that the reason for the 
low quality of the tropical grasses was the high CF contents, 
which in this case was measured by NDF. There was a highly 
significant difference in percentage NDF among the three 
grasses in this study. Napiergrass had a lower percentage 
NDF and consequently a higher CC than either guineagrass or 
paragrass. During the dry season the proportion of NDF tended 
to be lower and followed a pattern similar to that of DM 
production, indicating that the increase in production during 
the wet season is mostly due to an increase in materials high 
in CWC (Table 20). Fertilization with N did not change the 
proportion of NDF. 
Hemicellulose was removed by treating the sample with an 
91 
Table 20. Effect of harvest on percentage NDF of the three 
species under study 
Painfull Species 
no. mm Napiergrass Guineagrass Paragrass Mean^  
1 501 67.5de 68. 6e 67.7de 67.9b 
2 172 62. 5a 64.9bc 65. Bed 64.4a 
3 114 62. 6a 65.5cd 66.2cd 64.8a 
4- 214 63.Oab 66.7cde 65.7cd 65.1a 
5 405 66.8cde 66.2cd 67.4cde 66.8b 
Mean 6^ .5a 66.4b 66.6b 
Cleans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
acid detergent solution and, thus, the remaining residue or 
ADF is equal to NDF minus hemicellulose. The percentage of 
either ADF or hemicellulose was not altered because of the 
application of N. The last harvest analyzed highest in ADF, 
but there was no definite trend through the different harvests. 
Napiergrass and paragrass showed a lower proportion of ADF as 
compared to guineagrass (Table 21). 
Hemicellulose was higher in the first harvest, and higher 
for paragrass, but as for ADF, no definite tendency was ob­
served (Table 22). 
Cellulose was the most abundant chemical component within 
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Table 21. Effect of harvest on percentage ADF of the three 
species under study 
Harve st 
no. 
Rainfall 
mm Napiergrass Guineagrass Paragrass Mean^  
1 501 39.7 43.5 39.0 40.7a 
2 172 40.7 42.4 40.1 41.1a 
3 114 40.7 41.1 39.3 40.4a 
4 214 40.8 42.5 40. 0 41.1a 
5 405 41.8 43.8 41.0 42.2b 
Mean 40.8a 42.4b 39.9a 
e^ans are comparable horizontally or vertically. Com­
parable means with a letter in common do not differ at the 
P < 0.01 level. 
Table 22. Effect of harvest on percentage hemicellulose of 
the three species under study 
Harvest Rainfall 
no. mm Napiergrass Guineagrass Paragrass Mean^  
1 501 27.8de 25.1bc 28.7e 27.2b 
2 172 21.8a 22.5a 25.7bcd 23.4a 
3 114 21.9a 24. 4abc 26.9cd 24.4a 
4 214 22.2a 24.3ab 25.7bcd 24.1a 
5 405 24.9abc 22.5a 26.3bcde 24.6a 
Mean 23.7a 23.7a 26.7b 
Cleans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
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the CWC fraction. The proportion of cellulose was higher 
when N was applied, 28.2? percent as compared to the sample 
from the treatment without N, 27.52 percent. This difference 
was significant (P < O.O5). The trend of percentage cellulose 
was similar to those for percentage of NDF and for DM produc­
tion, being significantly higher during the wet season, and 
for first and last harvests. Guineagrass analyzed highest 
in percentage cellulose, as compared to napiergrass and para-
grass (Table 23). 
Table 23. Effect 
three 
of harvest on percentage 
species under study 
cellulose of the 
Harvest 
no. 
Rainfall 
mm 
Species 
Napiergrass Guineagrass Paragrass Mean^  
1 501 29.8d 32.4e 25.6ab 29.2b 
2 172 26.2abc 28.7cd 26.5a-bc 27.2a 
3 114 25.lab 28.7cd 27.6bcd 27.1a 
4 214 24.9a 28.5cd 26.labc 26.5a 
5 405 29.6d 30.4d 28.5cd 29.5b 
Mean 27.1a 29.7b 26.9a 
^leans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
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Among the important chemical components limiting the 
quality of the forages are lignin and silica. The percentage 
of lignin was relatively higher with no difference among 
species. There was a highly significant difference in per­
centage lignin of forages resulting from harvest differences, 
suggesting that when rainfall was only moderately limiting as 
for the second and fourth harvests, this was a primary factor 
associated with low lignin percentage. When there was either 
very abundant precipitation or drought, the percentage of 
lignin tended to be higher. The species responded differently 
to the wet or dry season with respect to percentages of 
lignin (Table 24). 
Table 24. Effect of harvest on percentage lignin of the 
three species under study 
Species 
no. mm Napiergrass Guineagrass Paragrass Mean^  
1 501 6.30bcd 6.27bcd 6.63d 6.40ab 
2 172 5.57ab 5.96abcd 6.49cd 6. 00a 
3 114 5.66abc 6.12bcd 6.31bcd 6.03ab 
4 214 6.04bcd 6.l6bcd 5.22a 5.81a 
5 405 6.67d 6.3?bcd 6.80d 6.6 lb 
Mean 6. 05a. 6.17a 6.29a 
e^ans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable-means with a 
letter in common do not differ at the P < 0.01 level. Values 
inside the table with a letter in common do not differ at the 
P < 0.05 level. 
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Silica is reported to be an important factor limiting the 
digestibility of tropical forages (Deinum and Van Soest, 19^ 9; 
Van Soest, 1968a; Van Soest and Jones, 1968). The percentage 
of silica was very high in the three species under study, 
which may be explained both by the high concentration of 
silica in the solution of tropical soils and the amount of 
water transpired by these grasses. 
Fertilization with N decreased the amount of silica 
from 7.39 percent in the samples from the treatment with no N 
to 6.42 percent in the samples from the treatment with 50 kg/ha 
after every harvest. This difference was significant at the 
P < 0.05 level. The reason for this decrease could be that N 
fertilization resulted in a higher amount of DM and conse­
quently a dilution of the silica in a higher DM mass. The 
same explanation could be applied for the decrease in silica 
registered during the wet season, first, and fifth harvests, 
as compared to the dry season. The pattern shown for silica 
percentages was unlike that for either DM production or per­
centage NDF. This helps to explain why the lowest IVDMD 
percentages were associated with the dry season (Table 25). 
No difference was detected among percentage silica values of 
the different species, which suggests that high silica per­
centages are not so much plant related but more as a result 
of the large amount of soluble silica in tropical soils. 
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Table 25. Effect of harvest on percentage silica of the 
three species under study 
Species 
no. mm Napiergrass Guineagrass Paragrass Mean^  
1 501 4. 04a 4.86ab 6.72bcde 5.20a 
2 172 8.85ef 7.44cdef 7.09bcde 7.79b 
3 114 9.87f 6.29abcd 5.94abc 7.37b 
4 214 8.50def 7.82cdef 8. 06cdef 8.12b 
5 405 5.5^ ab 6.89cde 5.70abc 6.40a 
Mean 7.36a 6.66a 6.70a 
%eans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
Estimation of digestibility using chemical composition 
Digestibility was estimated using different approaches. 
The Tilley and Terry IVDMD (described above) was compared with 
TD, estimated apparent digestible dry matter (EADDM), estimated 
true digestible dry matter (ETDDM), and an estimated modified 
digestible dry matter (EMDDM). 
The summative equation applied as outlined (Table 18) 
resulted in ETDDM and EADDM values. When the summative equa­
tion was applied using a factor of 1.0 for the silica correc­
tion, EMDDM values were obtained. 
The values obtained for TD, a combination of Tilley and 
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Terry stage 1 and the NDF determination in the undigested 
residue, were in general higher than the values obtained for 
percentage IVDMD. There was no difference resulting from N 
treatments. Table 26 includes the results obtained for TD. 
There was a difference among species that followed the same 
pattern as for percentage IVDMD (Table 19). The values for 
harvests did not follow a definite pattern, although TD was 
lowest diiring the dry season and when plants were not mature. 
Figures 14 through 16 show the different estimations of DM 
digestibility for the three species under study. 
Table 26. Effect of harvest on percentage TD of the three 
species under study 
Harvest Rainfall Species 
no. mm Napiergrass Guineagrass Paragrass Mean 
1 501 66.60 67.64 61.25 65.16c 
2 172 67.91 68.49 60.48 65.63c 
3 114 65.57 67.64 57.60 63.60ab 
4 214 65.27 67.58 60.61 64.49bc 
5 405 65.40 65.99 56.07 62.49a 
Mean 66.15b 67.48b 59.20a 
%eans are comparable horizontally or vertically. Com­
parable means with a letter in common do not differ at the 
P < 0.01 level. 
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Figure 14. Estimations of percentage DM digestibility using in vitro techniques 
and chemical analyses in napiergrass 
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Figure 15. Estimations of percentage DM digestibility using in vitro techniques 
and chemical analyses in gaiineagrass 
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Figure 16. Estimations of percentage DM digestibility using in vitro techniques, 
and chemical analyses in paragrass 
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When the summative equation was applied without correc­
tion for fecal losses, percentage ETDDM was determined (Table 
27) and when the correction was subtracted, percentage EADDM 
resulted (Table 28). These values indicated that the metabolic 
fecal losses for cattle were high for these fibrous grasses, 
and that the proportion of the material used by the animal 
was relatively low. The ETDDM percentages were similar in 
magnitude to those of percentage IVDMD. For napiergrass and 
guineagrass the changes in percentage IVDMD followed the same 
trend as for percentage ETDDM. This was not true for para-
grass (Tables 2? and 28). 
When the factor of 1.0 for silica correction was used, 
the values obtained were similar in magnitude to those of 
percentage IVDMD and percentage ETDDM in most of the cases, but 
they did not follow the same trend as percentage IVDMD. Except 
for guineagrass the values were not correlated with those 
obtained when using the summative equation as proposed by 
Goering and Van Soest (1970) (Tables 29 and 30). 
The differences in magnitude and trends among the differ­
ent estimations of DM digestibility can be better visualized 
in Figures 14 through I6. There was a highly significant 
correlation between IVDMD and both ETDDM and EADDM in napier­
grass and guineagrass, but the correlation was not significant 
for paragrass (Table 30). The high correlation among the dif­
ferent methods to calculate digestibility suggests that at 
least in napiergrass and guineagrass, percentage IVDMD could 
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Table 2?. Effect of harvest on percentage ETDDM of the three 
species under study 
Species 
no. mm Napiergrass Guineagrass Paragrass Mean^  
1 501 63.64c 63.81c 53.55ab 60.34b 
2 172 54.62ab 57.86abc 53.89ab 55.46a 
3 114 51.17a 60.68bc 59.46bc 57.lOab 
4 214 53.52ab 55.96ab 57.40abc 5:5.63a 
5 405 59.24bc 58.00bc 59.13bc 58.79ab 
Mean 56.43a 59.26a 56.68a 
e^ans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
Table 28. Effect of harvest on percentage EADDM of the three 
species under study 
Harvest Rainfall Species 
no = mm Napiergrass Guineagrass Paragrass Mean^  
1 501 44.57b 44.79b 31.88a 40.4lb 
2 172 33.07a 37.20ab 32.14a 34.13a 
3 114 32.00a 40.79b 39.30ab 37.36ab 
4 214 31.67a 34.78a 36.6lab 34.36a 
5 405 38.95ab 37.17ab 39.Olab 38.38ab 
Mean 36.05a 38.95a 35.78a 
^eans are comparable horizontally or vertically. Values 
inside the table are also comparable. Comparable values with 
a letter in common do not differ at the P < 0.01 level. 
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Table 29. Effect of harvest on percentage EMDDM of the three 
species under study 
Harvest Rainfall 
no. mm Napiergrass Guineagrass Paragrass Mean^  
1 511 58.83 60.63 54.08 57.85a 
2 172 58.57 59.84 55.11 57.84a 
3 114 58.01 60.36 58.43 58.93b 
4 214 57.63 58.70 60.57 58.97b 
5 405 57.41 58.72 57.63 57.92a 
Mean 58.09b 59.65c 57.I6a 
e^ans are comparable horizontally or vertically. Com­
parable means with a letter in common do not differ at the 
P < 0.01 level. 
Table 30. Simple correlation coefficients (r values) between 
IVDMD and other estimates of DM digestibility 
Species 
Estimate Napiergrass Guineagrass Paragrass 
IVDMD 
TD 0.21 0.20 0.60** 
ETDDM 0.59** 0.51** 0.33 
EADDM 0.48** 0.52** 0.33 
EMDDM 0.25 , 0.49** 0.10 
««Probability P < 0.01 that a correlation coefficient as 
large or larger would occur due to chance alone. 
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be estimated by using the chemical analyses as used in this 
study. Chemical analyses were not as closely associated in 
describing digestibility of paragrass, suggesting more study 
before the reasons are understood. There was no difference 
among species or differences due to N fertilization in ETDDM 
and EADDM. 
Since IVDMD is a reliable measure of forage quality, an 
attempt was made to predict percentage IVDMD by using the data 
obtained in chemical analyses. The prediction was based not 
only on the percentage of individual chemical compounds but 
also in the ratios among several of them. The dependent 
variable was percentage IVDMD, and the independent variables 
were percentages of NDF, ADF, CC, cellulose, hemicellulose, 
lignin, and silica, in addition to ratios of silica to ADF 
(SIIJADF), silica plus lignin (SILIG), silica plus lignin to ADF 
(SILIADF), and hemicellulose to silica (HESIL). These specific 
ratios were used by Olubajo et al. (1974) to describe the 
relationship between chemical composition and digestibility. 
The multiple regression analyses were run following the 
"all five techniques" program found in the Statistical Analysis 
System (SAS) (Barr and Goodnight, 1972). The data were sorted 
by species to obtain a separate equation for each. 
For napiergrass, percentage IVDMD is predicted by the 
following equation: 
Percentage IVDMD = 18.60 + 2.11 A + 0.22 B + 0.6l C + 
1.02 D 
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= 0.67 
where: A = ratio of hemicellulose to silica (HESIL) 
B = percentage hemicellulose 
C = percentage cellulose 
D = percentage silica 
In guineagrass, only two variables, the ratio of silica 
plus lignin to ADF and cellulose, met the required level of 
significance for entry into the model, and the predicting 
equation was: 
Percentage IVDMD = 89.66 - 53'79 A - 0.55 B 
= 0.36 
where: A = ratio of silica plus lignin to ADF (SILIADF) 
B = percentage cellulose 
The predicting equation in paragrass included three 
variables, and can be formulated as follows: 
Percentage IVDMD = 68.28 - 1.82 A - 1.44 B - 0.62 C 
R^  = 0.40 
where: A = ratio of hemicellulose to silica (HESIL) 
B = percentage lignin 
C = percentage cellulose 
Further information on the regression analyses is found 
in Appendix Tables D4 through D6. 
The R coefficients (coefficients of determination) were 
low except for napiergrass. It seems from these results that 
chemical analyses do not explain a very high proportion of 
the variation in percentage IVDMD. There likely are other 
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variables contributing to the variation. 
Some additional information can be gained by observing 
the correlation coefficients among estimates of digestibility 
and the most important chemical components (Tables 31 through 
33) and both the correlation coefficients among estimates of 
digestibility and some of the ratios among chemical components 
(Tables 3^  through 36). 
In all the species under study, percentages of IVDMD, 
ETDDM, and EADDM were negatively correlated with percentage 
silica, but not with percentage lignin. When the summative 
equation was modified using a factor of 1.0 for silica correc­
tion in the EMDDM estimation, there was a highly significant 
negative correlation between percentages of digestibility and 
lignin, but not with silica, except for guineagrass (Tables 
31 through 33). 
Cellulose percentages tended to be positively correlated 
with digestibility as estimated by IVDMD, ETDDM, AND EADDM, but 
not by TD or EMDDM (Tables 31 through 33)» Hemicellulose 
percentage tended toward the same relationship, but less con­
sistently. The relationship between CP percentage and di­
gestibility was erratic. It was negative or nonsignificant 
for napiergrass and positive or nonsignificant for guineagrass 
and paragrass in contrast with the results generally obtained 
with temperate grasses in which CP and IVDMD are positively 
and significantly correlated (Tables 31 through 33)• The 
reason for this behavior in napiergrass could be explained 
Table ^ 1. Simple correlation coefficients (r values) between estimates of di­
gestibility and some chemical cell components in napiergrass 
IVDMD TD ETDDM EADDM EMDDM Lignin Silica Cell. Hemicell. 
TD 0.21 
ETDDM 0.59** 0.17 — — 
EADDM 0.48** 0.07 0.88** 
EMDDM 0.04 0.25 0.55** 0.56** 
Lignin 0.32 -0.26 0.24 0.15 -0.55** — — 
Silica -0.66** -0. 04 -0.92** -0.79** -0.22 -0.58** 
Cellulose 0.69** -0.03 0.74** 0.64** 0.22 0.36* -0.78** — — 
Hemicell. 0.76** 
<M 0
 
d 1 0.62** 0.50** -0.04 0.43* -0.76** 0.76** 
CP -0.70** 
I—
\ 0
 
d 
-0.62** -0.49** -0.03 -0.42* 0.71** -0.84** -0.72** 
•Probability P < 0.05 that a correlation coefficient as large or larger would 
occur due to chance alone. 
^^Probability P < 0.01 that a correlation coefficient as large or larger would 
occur due to chance alone. 
Table 32. Simple correlation coefficients (r values) between estimates of di­
gestibility and some chemical cell components in guineagrass 
IVDMD TD ETDDM EADDM EMDDM Lignin Silica Cell. Hemicell. 
TD , 0.20 — — 
ET DIM 0.51** 0.24 
EADDM 0.52** 0.26 0.99** — — 
EMDDM 0.27 0.49** 0.78** 0.79** 
Lignin 0.02 -0.49** -0.14 -0.15 -0.69** — — 
Silica 
-0.57** -0. 03 -0.91** -0.90** -0.45** -0.26 — — 
Cellulose 0.26 -0.05 0.66** 0.65** 0.36* 0.19 -0.70** — — 
Hemicell. 0.36* 0.03 0.49** 0.50** 0.19 0.15 -0.59** 0.21 
CP 0.10 0.46* -0.07 -0. 06 0.12 0.25 0.17 -0.22 -0.01 
•^ Probability P < 0.05 that a correlation coefficient as large or larger would 
occur due to chance alone. 
^^Probability P < 0.01 that a correlation coefficient as large or larger would 
occur due to chance alone. 
Table 33* Simple correlation coefficients (r values) between estimates of di­
gestibility and some chemical cell components in paragrass 
IVDMD TD ETDDM EADDM EMDDM Lignin Silica 
Hemi-
Gell. cell. 
IVDMD 
— — 
TD 0.60** 
ETDDM 0.33 0.11 — — 
EADDM 0.33 0.11 0.99** 
EMDDM 0.11 0.10 0.73** 0.73** 
Lignin -0.10 -0.33 -0.09 -0.09 -0.61** — -
Silica -0.38* -0. 07 -0.78** -0.78** -0.15 -0.42* 
Cellulose , 0.05 -0.31 0.71** 0.72** 0.38* 0.20 -0.70** — — 
Hemicell. 0.44* 0.31 0.14 0.14 -0.25 0.33 -0.43* -0.14 
CP 0.36* 0.57** 0.17 -0.16 0.34 -0.40* 0.07 -0.19 -0.11 
P^robability P < 0.05 that a correlation coefficient as large or larger would 
occur due to chance alone. 
^^ Probability P < 0.05 that a correlation coefficient as large or larger would 
occur due to chance alone. 
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Table 34. Simple correlation coefficients (r values) between 
estimates of digestibility and the ratio of some 
chemical cell components in napiergrass 
IVDMD TD ETDDM EADDM EMDDM 
SILADF -0. 04 -0.91** -0.73** -0.21 
SILIG -0.66** -0.12 -0.98** -0.85** -0.41 
SILIADF -0.63** -0.10 -0.97** -0.85** -0.40 
HESIL 0.77** 0.10 0.84*^ 0.73** 0.12 
••Probability P < 0.01 that a correlation coefficient as 
large or larger would occur due to chance alone. 
Table 35- Simple correlation coefficients (r values) between 
estimates of digestibility and the ratio of some 
chemical cell components in guineagrass 
IVDMD TD ETDDM EADDM EMDDM 
SILADF -0.54** -0.01 -0.89^^ -0.89** -0.42* 
SILIG -0.58^^ — 0.20 -0.99^* -0.98** -0.69** 
SILIADF -0.51** -0.14 -0.95** -0.94** -0.64** 
HESIL 0.55** 0.01 0.81*^ 0.80** 0.34 
•Probability P < 0.05 that a correlation coefficient as 
large or larger would occur due to chance alone. 
••Probability P ^  0.01 that a correlation coefficient as 
large or larger would occur due to chance alone. 
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Table 36. Simple correlation coefficients (r values) between 
estimates of digestibility and the ratio of some 
chemical cell components in paragrass 
IVDMD TD ETDDM EADDM EMDDM 
SILADF -0.34 -0.01 -0.79** -0.79** -0.17 
SILIG -0.47** -0.23 -0.91** -0.91** -0.46** 
SILIADF -0.37* -0.08 -0.92** -0.92** -0.52** 
HESIL 0.48** 0.21 0.70** 0.70** 0.09 
••Probability P < 0.01 that a correlation coefficient as 
large or larger would occur due to chance alone. 
because when there was a higher CP percentage during the dry 
season there was also higher percentage silica, and conse­
quently a lower digestibility. 
Lignin and silica were negatively correlated in all cases, 
but the correlation was not significant for guineagrass. This 
finding agrees with the results of Van Soest (I969) who found 
that ample moisture and hi^  temperatures associated with 
rapid plant growth may cause a lowering of silica, by dilution, 
because the plant grows faster than silica can be taken up from 
the soil, and then there is a relative increase in lignin con­
centration. The explanation is also valid for the negative 
correlation found between silica and cellulose and silica and 
hemicellulose, and for the positive correlation between lignin 
and cellulose and lignin and hemicellulose (Tables 31 through 
33). 
I 
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The estimates of digestibility were negatively correlated 
with SILADF, SILIG, AND SILIADF, and except for TD the correla­
tion was significant in most cases; HESIL was positively corre­
lated with the estimates of digestibility and the correlation 
was significant except for TD in guineagrass and TD and EMDDM 
in napiergrass and paragrass (Tables 3^  through 36). 
These correlations suggest that we might expect that 
independently of the method of estimation of digestibility, 
the higher the silica, the lignin, or the silica plus lignin, 
the lower the digestibility. When the proportion of compounds 
like hemicellulose increase in relation to silica, ratios like 
HESIL increase, and digestibility increases correspondingly, 
due to a lowering of silica by dilution as described above. 
Conclusions 
Forage quality of the three tropical grasses, as measured 
by percentage IVDMD, TD, ETDDM, EADDM, and EMDDM, was relative­
ly low compared to that of temperate forage species. Percent­
age IVDMD was generally lower during the dry season and for 
mature plant material, at least until it reached a relatively 
stable level. Paragrass was lower in digestibility than 
napiergrass or guineagrass. The amount of fiber estimated by 
NDF was high, which means that CO were low, and consequently 
digestibility was also low. The amount of NDF was lower during 
the dry season, probably as a result of fewer stems. Napier­
grass was lower in NDF than the other two species. Fertiliza­
113 
tion with N did not affect quality of the grasses, presumably 
because the level used was only high enough to cause yield 
increases with an accompanying dilution effect in the tissue. 
Hemicellulose and cellulose were higher when DM produc­
tion was more abundant, that is, during the wet season. Para-
grass was the species with the highest percentages of hemi­
cellulose. Guineagrass was highest in percentage cellulose. 
Percentages of silica and lignin were both high, yet 
followed different patterns, shown by silica being higher 
during the dry season and dilution in a higher mass of DM dur­
ing the wet season. Lignin was lower during the dry season 
and increased during the wet season. These two compounds 
seem to be the most detrimental to tropical forage digesti­
bility. There were no specific differences in percentage 
silica or lignin. 
When digestibility was calculated from chemical composi­
tion, there was a high correlation between IVDMD and ETDDM and 
EADDM in napiergrass and guineagrass, but not in paragrass. 
The percentages obtained for ETDDM were similar to those of 
IVDMD, but the percentages for EADDM were considerably lower. 
The modification of the summative equation for EMDDM yields 
resulted in values similar to those of TD, which were not 
correlated to IVDMD except for a few cases. 
The kind and magnitude of the factors used to calculate 
digestibility from chemical analyses determine not only the 
value obtained for digestibility but also the relative 
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importance of each component in limiting digestibility. When 
a factor of 3.0 is used for silica correction (Goering and 
Van Soest, 1970), silica is the most limiting factor. When a 
factor of 1.0 is used (Smith et al., 1971). lignin becomes 
the most important factor in limiting digestibility. As 
presently composed, use of the summative equation to calculate 
digestibility of tropical grasses is questionable. Further 
study is needed there. That it does not adequately estimate 
digestibility of tropical grasses has been earlier suggested 
by Olubajo et al. (1974). 
When percentage IVDMD is calculated from chemical analyses, 
the percentages of cellulose, hemicellulose, and silica, along 
with HESIL explain most of the variation in napiergrass. 
Much of the variation is explained by SILIADF and cellulose 
in guineagrass, and contents of lignin, cellulose and HESIL 
in paragrass. The coefficients of determination were rela­
tively low. 
In vivo determinations would be very desirable such that 
data could be compared with the different jji vitro and chemical 
methods estimating digestibility. For tropical forages, there 
is not a complete understanding of the basic factors influenc­
ing availability and quality of nutrients. Some of the 
chemical methods will probably require modification as sug­
gested by Olubajo et al. (1974) and Mcleod and Minson (1973). 
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GENERAL DISCUSSION AND CONCLUSIONS 
Research with napiergrass, guineagrass and paragrass 
was conducted in Medellin, Colombia, to study the effect of 
N fertilization and season on TNC, forage yield, and forage 
quality. 
The amount of TNC and aftermath DM production were de­
termined at 1, 2, and 3 weeks after harvest; TNC was deter­
mined using two techniques, one with additional hydrolysis 
after extraction (HTNC) and one without hydrolysis (NHTNC). 
Consistently higher values were obtained with the HTNC tech­
nique, although both yielded values showing the same trend 
and were highly correlated. 
Fertilization with N did not affect TNC. The level of 
reserves decreased in the three species after harvest, but 
much more so in napiergrass or guineagrass than in paragrass, 
probably because not all the leaves are removed in this species 
at harvest time. The length of time during which the forages 
utilized their reserves changed with species. In paragrass 
and guineagrass, reserves were accumulating between 1 and 2 
weeks after harvest, while in napiergrass TNC reserves were 
being depleted 3 weeks after harvest. Only when the growing 
conditions were very good was there a.rapid development of 
photosynthetic area, and thus a reversal in TNC depletion 
possible in napiergrass. 
During the dry season the level of TNC was higher. The 
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plants used TNC for a longer time than when growing conditions 
were favorable. From these studies, it appears that TNC are 
more important to plant survival during the dry season. 
Aftermath DM production was increased with N application, 
but only after the first week. The amount of regrowth during 
the first 3» weeks after harvest was dependent upon season, 
with more rapid growth during the wet season. In all cases, 
aftermath DM yield tended to follow an exponential curve. 
Aftermath DM production and TNC were negatively correlated 
during those periods when the plant was using its reserves, 
and positive when the plant had developed enough photosyn­
thetic area and was building up its reserves. 
Forage yield was increased with N application, but 
especially during the wet season. Napiergrass produced more 
DM than either guineagrass or paragrass. Napiergrass also 
produced much less during the dry season. Paragrass produced 
less forage, but responded to N fertilization even during the 
dry season. 
Height of the plants was increased both from N fertiliza­
tion and during the wet season. Number of stems was higher 
during the dry season, but the stems were smaller and weighed 
less than those produced during the wet season. A higher 
leaf to stem ratio resulted during the dry season, which also 
explained the higher CC and a lower lignin percentage found 
during these dry periods. 
Percentages of CP were not increased, but CP production 
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per unit area was increased with N fertilization. During the 
dry season, CP percentage was lower, except for napiergrass. 
Both napiergrass and guineagrass had higher CP percentages 
than paragrass. The highest amount of CP per unit area was 
produced by napiergrass. 
Fertilizer N is recovered in the same proportion by the 
three species, but more so during the wet season. The 
efficiency of N utilization followed the same pattern. Fer­
tilization should be practiced early during the wet season to 
promote more production, or towards the end of the wet season. 
In either case, the DM produced as a result of fertilization 
can be used during the dry season. Fertilization during the 
dry season, excepting at the very end, does not seem to be a 
beneficial practice, but it could be justified under certain 
circumstances in paragrass. 
The most promising species for intensive management seems 
to be napiergrass, especially under conditions including 
irrigation and fertilization. Guineagrass and paragrass seem 
very promising under natural conditions, in areas subjected 
i to dry periods. Fertilization in the wet season would be 
essential. 
' Quality of the forage was not affected by N fertilization. 
Digestibility was estimated as low regardless of the method 
used in estimation. The amounts of CC were low and percentages 
of CF were high as determined by NDF. This factor, plus the 
high percentages of silica, probably reduced the digestibility 
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of the cell-wall polysaccharides. Tropical grasses apparently 
are not as affected by lignin as are the temperate grasses 
(Mcleod and Minson, 1974b). Nonetheless, it can become very 
important according to the method used to estimate 
digestibility. 
Using digestibility estimated by IVDKD as the most 
reliable measure of forage quality, there was a high correla­
tion between estimations by IVDMD and both ETDDM and EADDM as 
calculated by the summative equation (Goering and Van Soest, 
(1970). When the summative equation was modified using a 
factor of 1.0 for silica correction the percentages found for 
EMDDM were higher than those of IVDMD, and lignin became an 
important factor in limiting digestibility. The results did 
not follow a definite trend. 
Digestibility estimated by IVDMD, ETDDM, or EADDM was 
lower during the dry season, probably due to the relative 
concentration of silica during the dry season. During the wet 
season, plants grew faster and silica was more slowly taken 
up from the soil. There was, therefore, a dilution of this 
element, as suggested by Van Soest (1969). Due to this same 
phenomenon there is a negative correlation between silica and 
lignin in most cases. 
The summative equation {Goering and Van Soest, 1970) as 
used on data from these three grasses gave consistent results. 
The results were highly correlated with those obtained via 
the IVDMD method, as described by Tilley and Terry (I963). 
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The absolute values were different, suggesting that the 
summative equation could only be applied with certain reser­
vations to tropical grasses. It is likely that some of the 
terms need modification. It would be of great help to include 
samples of tropical grasses of known in vivo digestibility in 
all the IVDMD runs and in chemical analyses to determine 
which system estimates more accurately the utilization of 
the forage by the animal, as suggested by McLeod and Minson 
(1974a). 
When IVDMD was calculated from chemical analyses, the 
constituents of the fibrous fraction, or their relative 
proportions, explained much of the variation. In the case of 
napiergrass, cellulose, hemicellulose, silica, and the HESIL 
were the most important factors. In guineagrass, SILIADF 
and cellulose were the important factors. In paragrass, 
HESIL, cellulose, and lignin were the important factors. 
The coefficients of determination were relatively low, 
except for napiergrass where the value was R = 0.6?. The 
O 
R values were O.36 and 0.40 for guineagrass and paragrass, 
respectively. 
Results of this study suggest that there is relatively 
little value in trying to calculate IVDMD from chemical 
analyses. Much more useful would be jji vivo digestibility 
studies, to which chemical analyses and IVDMD data could be 
compared. It appears that an important next step in tropical 
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grass quality evaluation is to conduct some research with 
animals (in vivo) and compare results with those obtained 
in the laboratory on the same forages. 
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APPENDIX A: CLIMATOLOGIGAL INFORMATION 
'.I'Mi,le Al. Precipitation, days with measurable precipitation, average maximum, 
minimum and mean temperatures and relative humidity between August 
1971 and July 1972 
Month 
and year 
Precipitation 
mm 
Days 
with 
rain 
Temperature, °C 
Mean 
relative 
humidity 
Max Min Mean 
August 1971 2 7 9 . 6  25 2 8 . 7  14.0 20.9 72 
September 314.2 22 26.9 14.0 20.6 80 
October 191.5 18 27.2 13.6 20.5 77 
November 88.9 12 2 7 . 5  13.4 20.1 76 
December 47.3 7 27.4 13.3 20. 5 74 
January 1972 68.7 12 2 7 . 9  13.4 20.6 74 
February 2 2 . 2  6 2 8 . 6  13.1 2 0 . 8  70 
îvïarch 6 5 . 8  11 2 8 . 8  13.4 21.1 70 
April 124.1 15 2 8 . 9  14.0 21.5 7 1  
Kay 301.0 25 27.8 14.8 2 1 . 3  77 
June 1 2 7 . 9  13 2 8 . 5  14.8 21.6 73 
July 1 1 5 . 5  12 29.6 14.6 22.1 69 
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APPENDIX B: DATA CONCERNING INFORT-IA-TION PRESENTED 
IN SECTION I 
Table Bl, TNG values, %, obtained with two methods of extraction (HTNC and NHTNC) in napiergrass^ 
Sampling Harvest no. 
time 
after 
harvest 
1 2 3 4 5 Mean 
+Ht 
-H +H -H +H -H 4H -H +H -H +H -H 
0 29.7 26.0 31.4 25.1 34.1 27.8 33.0 27.9 31.1 24.2 31.9d 26.2c 
1 23.7 23.6 29.0 24.2 31.9 26.8 26.9 21.7 23.9 21.2 27. Ic 23.5b 
2 21.7 17.4 27.0 21.5 29.0 24.7 21.1 17.0 21.4 19.6 24.0b 20.1a 
3 20.0 18.9 24.3 22.7 28.2 26.6 18.1 19.7 23.4 21.3 22.8a 21.8a 
Mean 23.8a 21.5a 27.9b 23.4b 30.8c 26.5c 24.8a 21.6a 24.9a 21.6a 
^eans with one letter in common do not differ at the P = 0.01 level. Means followed by an 
underlined letter(s) are comparable among them, horizontally or vertically. Underlined and non-
underlined letters correspond to means not comparable among them. 
^+H = extraction with enzyme followed by acid hydrolysis (HTNC); -H = extraction with enzyme 
without acid hydrolysis (NHTNC). 
Table B2. TNC values, %, obtained with two methods of extraction (HTNC and NHTNC) in guineagrass* 
Sampling Harvest no. 
time 
after 
harvest 
1 2 3 4 5 Mean 
+H^ -H +H -H +H -H +H -H +H "H +H -H 
0 12.1 11.2 12.9 9.4 13.8 12.0 13.4 8.4 11.4 9,8 12. 8£ 10.2c 
1 8.1 4.4 9.6 6.7 11.5 7.1 9.3 7.5 8. 3 7.0 9.4b 6.6ab 
2 6.9 5.3 7.9 6.4 11.3 7.4 6.7 5.8 8.7 7.3 8.3a 6.4a 
3 5.3 5.6 9.4 7.2 12.7 8.8 8.0 8.0 9.1 6.4 8.9ab 7.2b 
Mean 8.1a 6.6a 10.0b 7.4ab 12.3c 8.8b 9.4ab 7.4ab 9.4ab 7.6ab 
^eans with one letter In common do not differ at the P = 0.01 level. Means followed by an 
underlined letter(s) are comparable among them, horizontally or vertically. Underlined and non-
underlined letters correspond to means not comparable among them. 
^+H = extraction with enzyme followed by acid hydrolysis (HTNC); -H = extraction with enzyme 
without acid hydrolysis (NHTNC). 
Table B3. TNC values, %, obtained with two methods of extraction (HTNC and NHTNC) in paragrass 
Sampling Harvest no. 
time 
after 
harvest 
1 2 3 4 5 Mean 
+Ht 
-H +H -H +H -H +H -H +H -H +H -H 
0 24.5 17.4 24.8 19.8 27.2 18.2 21.6 15.5 25.3 17.7 24.7c 17,7b 
1 23.4 17.9 23.9 13.5 25.9 18.3 20.5 13.7 22.4 15.8 23.2b 15,9a 
2 19.7 15.8 22.0 15.8 23.8 16.4 18.3 14.2 21.3 15.5 21,0a 15.5a 
3 21.4 16.2 24.4 15.2 21.7 15.6 22.6 16.6 25.7 17,3 23,2b 16.3a 
Mean 22.2ab 16.8bc 23.8bc 16.lab 24.7 c 17.1c 20.8a 15.0a 23.7bc 16,6abc 
^eans with one letter in common do not differ at the P = 0,01 level. Means followed by an 
underlined letter(s) are comparable among them, horizontally or vertically. Underlined and non-
underlined letters correspond to means not comparable among them. 
^+H = extraction with enzyme followed by acid hydrolysis (HTNC); -H = extraction with enzyme 
without acid hydrolysis (NHTNC). 
2 ïi^ l. Aftermath dry matter, g/m , produced during the first three weeks after 
harvest, with and without N application^  
[ar­
rest 
10 . 
Sampling 
time 
weeks 
after 
harvest 
.Napiergrass Guineagrass 
-N 
rass 
+N 
Mean 
-N +N -N +N -N +N 
1 1 4.7 4.0 11.7 7.3 7.3 7.0 7.9 6.1 
2 45.3 45.7 47.0 64.7 36.7 29.3 43.0 46.6 
3 130.3 156.3 149.7 168.0 98.7 118.7 126.2 147.7 
2 1 10.7 2.7 7.7 10.0 3.0 3.0 7.1 5.2 
2 54.0 46.7 56.3 71.0 18. 7 27.0 43.0 48.2 
3 154.0 156.3 156.7 164.3 80.3 104.3 130.3 141.7 
3 1 48.7 27.7 27.7 29.0 5.3 7.7 27.2 21.4 
2 96.7 80.0 92.3 88.0 24.3 37.3 71.1 68.4 
3 257.0 174.0 217.7 202.0 76.0 81. 7 183.6 152.6 
4 1 51.3 58.0 35.0 50.0 6.7 9.0 31.0 39.0 
2 222.3 252.3 163.7 186.3 62.0 83.0 149.3 173.9 
3 416.0 613.0 416.0 497.3 165.7 305.0 335.9 471.9 
5 1 6.3 5.3 28.0 20.3 11.3 15.0 15.2 13.6 
2 74.7 99.3 128.0 219.7 47.0 71.3 83.2 130.1 
3 253.0 345.3 336.3 399.7 101.3 195.7 230.2 313.6 
-^N = no N applied; +N = 50 kg/ha of N after every harvest. 
I4lc 
Table B5. Simple correlation coefficients (r values) between 
HTNC and aftermath DM production at different times 
after harvest 
Harvest after Species 
no. harvest Napiergrass Guineagrass Paragrass 
1 1 
-0.93** -0.90** -0.32 
2 -0.82* 
-0.76* -0.54 
3 -0.47 -0.61 0.75* 
2 1 . -0.98** -0.88** -0.27 
2 -0.85* — 0.69 -0.33 
3 -0.69 0.45 0.58 
3 1 -0.93** -0.67 -0.43 
2 
-0.98** 0.08 -0.82* 
3 -0.18 0.37 -0.78* 
4 . 1 -0.94** -0.86* -0.49 
2 
-0.97** -0.92** -0.58 
3 -0.63 0.15 0.77* 
5 1 -0.87* -0.76* -0.70 
2 . -0.43 0.26 -0.73 
3 0.31 0.18 0.82* 
Overall correlation -O.51** -0.30** -O.I6 
•Probability P < 0.05 that a correlation coefficient as 
large or larger would occur due to chance alone. 
••Probability P < 0.01 that a correlation coefficient as 
large or larger would occur due to chance alone. 
I 
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APPENDIX C: DATA CONCERNING INFORMATION 
PRESENTED IN SECTION II 
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Table Cl. Effect- of N application on DM production, kg/ha, of 
the different- harvests for the three species under 
study 
Harvest 
no. 
Rainfall 
mm 
N 
kg/ha Napiergrass Guineagrass Paragrass 
1 501 0 3767 3089 1833 
50 6167 4511 2889 
2 172 0 2678 2356 1756 
50 2689 2667 2556 
3 114 0 1978 2622 1344 
50 2922 2667 2711 
4 214 0 2944 2633 2244 
50 3355 3178 3489 
5 405 0 5033 3211 2889 
50 6922 4556 3489 
Table C2. Effect of N application on height, cm, of the plants 
for the different harvests 
Harvest Rainfall N 
no. mzi kg/ha Napiergrass Guineagrass Paragrass 
1 501 0 97 114 90 
50 124 116 104 
2 172 0 71 85 100 
50 83 85 111 
3 114 0 62 71 91 
50 72 77 124 
4 214 0 61 61 94 
50 64 67 96 
5 405 0 98 84 116 
50 126 97 129 
1# 
Table 03• Effect of N application on CP contents, for the 
different harvests 
Harvest Rainfall N 
no. mm kg/ha Napiergrass Guineagrass Paragrass 
1 501 0 7.25 7.67 6.59 
50 5 .64 7.00 7.05 
2 172 0 8 .61 8.97 7.87 
50 7.69 8.84 7 .28 
3 114. 0  9.82 6.97 7.16 
50 8.96 6.48 6.25 
4 214 0 9.56 8.27 8.48 
50 9.53 9.15 9.27 
5 405 0 7.83 5.80 5.70 
50 7 .03 6 .24 5.96 
Table C4. Effect of N application on CP production, kg/ha, 
for the different harvests 
Harvest Rainfall N 
no. mm kg/ha Napiergrass Guineagrass Paragrass 
1 501 0 268.3 231.1 119.2 
50 347.4  319.3 201.3 
2 172 0 229.2 211.9 139.2 
50 207.5 236.2 186.8 
3 114 0 196.1 183.4  96.6 
50 259.2 171.6 167.5 
4 214 0 281.0 216.5 192.2 
50 318.7 291.8 324.0 
5 405 0 orio 0 >7^ •  185.4 105.2 
50 484.3  289.9 207.4  
1^ 5 
Table C^ . Simple correlation coefficients (r values) between 
various plant components and N fertilization 
Plant ccraponent Napiergrass Guineagrass Paragrass 
Dry matter yield 0.34 0.41* 0.77** 
Height of the plants 0.33 0.14 0.39* 
Number of stems per plant 0.07 0.37* 0.35 
Leaf to stem ratio 0.09 0.13 -0.18 
Crude protein production -0.29 0.01 0.01 
P^robability P < 0.05 that a correlation coefficient as 
large or larger would occur due to chance alone. 
^^ Probability P < 0.01 that a correlation coefficient as 
large or larger would occur due to chance alone. 
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PRESENTED IN SECTION III 
Table Dl. Estimates of digestibility and chemical composition of napiergrass^ 
Harvest 
no. 
Rainfall 
mm IVDMD TD EMDDM ETDDM EADDM NDF ADF Cell. 
Hemi-
cell. Lig Sil 
1 501 62.40 66.60 58.83 63.64 44.57 67.5 39.7 29.8 27.8 6.30 4.03 
2 172 55.06 67.91 58.57 54.62 33.07 62.5 40.7 26.2 21.8 5.56 8.85 
3 114 51.83 65.57 58.01 51.16 32.00 62.6 40.7 25.1 21.9 5.66 9.87 
4 214 52.68 65.27 57.63 53.52 31.67 63.0 40.8 24.9 22.2 6.04 8.50 
5 405 57.31 65.40 57.41 59.24 38.95 66.8 41.8 29.6 24.9 6.67 5.54 
^All values given on a percent basis. 
Table D2. Estimates of digestibility and chemical composition of guineagrass^ 
Harvest 
no. 
Rainfall 
mm IVDMD TD EMDDM ETDDM EADDM NDF ADF Cell. 
Hemi-
cell. Lig Sil 
1 501 58.61 67.64 60.63 63.81 44.79 68.6 43.5 32.4 25.1 6.27 4.86 
2 172 57.03 68.49 59.84 57.86 37.20 64. 9 42.4 28.7 22.5 5.96 7.44 
3 114 57.27 67.64 60.36 60.68 40.79 65.5 41.1 28.7 24.4 6.12 6.29 
4 214 55.31 67.58 58.70 55.96 34.78 66.7 42.5 28.5 24.3 6.16 7.82 
5 405 56.66 65.99 58.72 57.99 37.17 66.2 43.8 30.4 22.5 6.36 6.89 
^All values given on a percent basis. 
Table D3. Estimates of digestibility and chemical composition of paragrass* 
Harvest 
no. 
Rainfall 
mm IVDMD TD EMDDM ETDDM EADDM NDF ADF Cell. 
Hemi-
cell. Lig Sil 
1 501 54.52 61.25 54.08 53.55 31.88 67.7 39.0 25.6 28.7 6.63 6.72 
2 172 50.23 60.48 55.11 53.89 32.14 65.8 40.1 26.5 25.7 6.49 7.14 
3 114 49.74 57.60 58.43 59.46 39.30 66.2 39.3 27.6 26.9 6.31 5.94 
4 214 50.76 60.61 60.57 57.40 36.61 65.7 40.0 26.1 25.7 5.22 8.06 
5 405 47.62 56.07 57.63 59.13 39.01 67.4 41.0 28.5 26.3 6.80 5.70 
^All values given on a percent basis. 
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Table 04. Best four variable model found by the minimum H-
square improvement procedure for dependent variable 
IVDMD in napiergrass; Anova, regression coefficient, 
B values and standard errors®-
Source DP MS F CV ^  
Regression 4 100.55 12.71** 0.6? 5.03 
Error 25 7.91 
Corrected total 29 
Source B values Standard error B 
Mean 18.60 
HESIL^  2.11 0.995 
Hemicellulose 0.22 0.452 
Cellulose 0.61 0.370 
Silica 1.02 0.659 
N^o other variables met the required O.500 significance 
level for entry into the model. 
H^ESIL: Ratio of hemicellulose to silica. 
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Table D5. Best two variable model found by the minimum R-
square improvement procedure for dependent variable 
IVDMD in guineagrass; Anova, regression coefficient, 
B values and standard errors 
Source DF MS F CV 
Regression 2 20.77 7.70** O.36 2.88 
Error 27 2.70 
Corrected total 29 
Source B values Standard error B 
Mean 89.66 
SILIADF^  -53.79 1.548 
Cellulose -0.55 I.672 
N^o other variables met the required 0.500 significance 
level for entry into the model. 
S^ILIADF; ratio of silica plus lignin to ADF. 
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Table D6. Best three variable model found by the minimum R-
square improvement procedure for dependent variable 
IVDMD in paragrass; Anova, regression coefficient, 
B values and standard errors 
Source DF MS F CY % 
Regression 3 53.48 5.87** 0.40 5-97 
Error 26 9.12 
Corrected total 29 
Source B values Standard error B 
Mean 68. ,28 
HESIL^  1. 
C
M
 C
O 
0.44 
Lignin -1, ,44  0.69 
Cellulose -0 .  62 0.34 
N^o other variables met the required 0.500 significance 
level for entry into the model. 
H^ESIL; ratio of hemicellulose to silica. 
Table D7. Simple correlation coefficients (r values) among the different 
parameters analyzed in napiergrass 
No. 
Height stems L to S CP NDF ADF Cell, 
Height 
No. stems -0.71** 
Leaf to stem 
ratio —0*48** 0.48** - — 
CP -0.76** 0.70** 0.50** — —  
NDF 0.75** -0.70** -0.48** -0.68** --
ADF 0.07 -0.03 -0.38* 0.09 0.24 — 
Cellulose 0.79** -0.71** -0.45* -0.84** 0.81** 0. 05 — 
Hemicell. 0.69** -0.71** -0.50** -0.72** 0.84** -0. 31 0. 76** 
Lignin 0.60** 0.76 -0.38* -0.42* 0.60** 0. 28 0. 36* 
Silica -0.79** 0.74** 0.55** 0.71** -0.77** -0. 01 -0. 78** 
IVDMD 0.66** -0.80** -0.56** -0.70** 0.66** -0. 20 0. 69** 
TD -0.05 -0. 27 -0.30 -0.01 -0.08 -0. 11 -0. 03 
ETDDM 0.66** -0.74** -0.46* -0.62** 0.63** 0. 01 0. 74** 
EADDM 0.62** -0.64** -0.08 -0.49** 0.51** -0. 01 0. 64** 
EMDDM -0.03 -0.19 0.04 -0.03 -0.05 -0. 01 0. 22 
DM 0.85** -0.63** -0.43* -0.69** 0.70** 0. 21 0. 77** 
*Probability P < 0.05 that a correlation coefficient as large or 
larger would occur due to chance alone. 
**Probability P < 0.01 that a correlation coefficient as large or 
larger would occur due to chance alone. 
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Hemicell. Lig Sil IVDMD TD E"DDM EADDM EMDDM 
0.43* 
-0.76** -0.58** --
0.76** 0.33 -0.66** — — 
-0.03 -0.26 -0.04 0.21 
0.62** 0.24 -0.92** 0.59** 0.17 — -
0.50** 0,15 -0.79** 0.48** 0.07 0.88** --
-0.04 -0.55** -0.22 0.04 0.25 0.55** 0# 56** —— 
0.57** 0.58** -0.69** 0.50** -0.25 0.57** 0.52** -0.05 
Table D8. Simple correlation coefficients (r values) among the different 
parameters analyzed in guineagrass 
No. 
Height stems L to S CP NDF ADF Cell. 
Height 
No. stems -0.68** 
Leaf to stem 
ratio -0.64** 0.65** 
CP -0.24 0.01 -0.13 - — 
NDF 0.35* -0.36* -0.13 -0.15 — 
ADF 0.33 -0.24 -0.23 -0.16 0.59** - — 
Cell. 0.68** -0.42* -0.31 -0.22 0.76** 0.67** — 
Hemicell. 0.09 -0.18 0.08 -0.01 0.59** -0.31 0.21 
Lignin -0.02 -0.13 -0.18 -0.25 0.35 0.26 0.19 
Silica -0.58** 0.38* 0.27 0.17 -0.49** 0.01 -0.70** 
IVDMD 0.53** -0.48** -0.47** -0.10 0.14 -0.20 0.26 
TD 0.04 -0.07 -0.05 0.46* -0.15 -0.21 -0.05 
ETDDM 0.55** 0.30 -0.17 -0.07 0.35 -0.08 0.66** 
EADDM 0.55** 0.30 -0.17 -0.06 0.34 -0.09 0.65** 
EMDDM 0.32 -0.07 0.04 0.12 0.01 -0.16 0.36* 
DM 0.48** -0.08 -0.19 -0.30 0.21 0.39* 0.45* 
*Probability P < 0.05 that a correlation coefficient as large or 
larger would occur due to chance alone. 
**Probability P < 0.01 that a correlation coefficient as large or 
larger would occur due to chance alone. 
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Hemicell. Lig Sil IVDMD TD ETDDM EADDM EÎ-ÎDDM 
0.15 
-0.59** -0.26 
0.36* 0.02 
0.03 -0.49** 
0.49** -0.14 
0.50** -0.15 
0.19 -0.69** 
-0.15 0.30 
—0,57** — — 
-0.03 0.20 
-0.91** 0.51** 
-0.90** 0.52** 
-0.45* 0.27 
-0.28 -0.13 
0.24 
0.26 0.99** 
0.49** 0.78** 
-0.30 0.16 
0.79** 
0.16 -0.07 
Table D9. Simple correlation coefficients (r values) among the different 
parameters analyzed in paragrass 
No. 
Height 
No. 
stems L to S CP NDF ADF Cell. 
Height - -
No. stems 0.22 — — 
Leaf to stem 
ratio -0.40* 0.45* — — 
CP -0.47** 0.17 0.34 — -
NDF 0.32 -0.22 -0.43* -0.41* --
ADF 0.32 0.04 -0.09 -0.24 0.40* - — 
Cell. 0.52** 0.28 -0.11 -0.19 0.27 0.37* — — 
Hemicell. -0.03 -0.23 -0.27 -0.11 0.45* -0.64** -0.14 
Lignin 0.49** -0.08 -0.55** -0.40* 0.61** 0.18 0.20 
Silica -0.52** -0.20 0.22 0.07 -0.23 0.25 -0.70** 
r/DMD -0.19 -0.35 -0.12 0.36* 0.02 -0.43* 0.05 
TD -0.41* -0.28 0.02 0.57** -0.28 -0.56** -0.31 
ETDDM 0.28 0.35 0.19 0.17 -0.02 -0.16 0.71** 
EADDM 0.28 0.35 0.18 0.16 -0.01 -0.15 0.72** 
EMDDM -0.11 0.34 0.53** 0.34 -0.28 0.01 0.38* 
DM 0.34 0.41* -0.14 0.07 0.27 0.07 0.30 
*Probability P ^ 0.05 that a correlation coefficient as large or 
larger would occur due to chance alone. 
•^^Probability P ^ 0.01 that a correlation coefficient as large or 
larger would occur due to chance alone. 
1^8 
Hemicell. Lig S il IVDMD TD ETDDM EADDM EMDDM 
0.33 — 
-0.43* -0.42* — — 
0.44* -0.10 -0.38* — 
0.31 -0.33 -0.07 0.60** 
0.14 -0.09 -0.78** 0.33 0.11 
0.14 -0.09 -0.78** 0.33 0.11 0.99** — -
-0.25 -0.61** -0.15 0.11 0.10 0.73** 0.73** 
0.15 0.16 -0.27 -0.05 -0.03 0.13 0.12 -0.09 
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APPENDIX E; LABORATORY PROCEDURES 
l6o 
Appendix El. Determination of TNC^ 
Sample preparation: 
Dry plant tissue is generally used. The tissue may be 
heat-dried in forced-draft ovens or freeze-dried. Freeze-
dried tissue retains the most TNC when compared with heat-
drying at several temperatures (100-70, 70, 6o, and 27 C]. 
Heat-drying 90 minutes at 100 C followed by drying at 70 C 
gives TNC values approximating most closely those from freeze-
dried tissue. To reduce respirational losses, respiratory 
enzymes must be heat-denatured quickly and dried completely 
in.the shortest possible time. Drying only one hour at 100°C 
has been used routinely for this particular reason, since car­
bohydrate losses will occur at 100°C if the tissue reaches 
dryness at this temperature. Thus, the time of 100°C should 
be reduced or eliminated when handling rapid-drying tissue, 
such as fine stems and leaves. Tissue should be spread out in 
the drier to expose as much surface as possible to enhance 
drying. 
Dried tissue should be ground to an appropriate fineness, 
about 40-mesh size, and stored in sealed bottles. Tissue 
should be redried (70°G or by freeze-drying, whichever is 
appropriate) before sealing the bottles. 
A modified Weinmann method of removing total nonstructural 
carbohydrates 
1. Weigh a 100-500 mg sample into a 125 ml Erlenmeyer flask. 
Add ca 15 ml distilled water and heat on a hot plate. 
Allow solution to boil for 1 to 2 minutes to gelatinize 
the starches. Include an Erlenmeyer containing only water 
which will become the enzyme blank. 
2. Cool to room temperature. 
3. Pipette 10 ml buffer solution and exactly 10 ml 0.5 percent 
takadiastase enzyme solution into the Erlenmeyer. This 
amount of enzyme is sufficient to hydrolyze disaccharides 
and starch when they are in high content (instructions for 
making all solutions will be outlined later). 
4. Stopper Erlenmeyer and incubate 44 hours at ca 38°C. 
(Seed germination cabinets are very handy for incubation.) 
^After Dale Smith (1969). 
I6l 
Swirl Erlenmeyer occasionally to stir mixture, although 
this may not be necessary unless some of the sample 
climbs above solution level. Incubate 44 hours, since 
tissue high in starch requires this digestion period. 
5. Filter solution through V/hatman #1 paper into a suitable 
volumetric flask. Wash Erlenmeyer and filter paper sev­
eral times with distilled water. 
6. Add 2 ml 10 percent neutral lead acetate to volumetric 
flask. Bring to volume with distilled water and mix well. 
7. Decant ca 30 ml into a ^0-ra.l centrifuge tube. Centrifuge 
for 5 minutes. 
8. Decant into a 50-ml Erlenmeyer flask containing ca 100 mg 
powered potassium oxalate. Refrigerate for 4 to 5 hours 
or overnight. 
9. Filter through Whatman #42 paper into a small Erlenmeyer 
without washing. 
10. Analyze an aliquot (containing 1.0 to 3-0 mg sugar) di­
rectly for reducing power if the tissue is from a sucrose 
and/or starch accumulator. Takadiastase does not hydro-
lyze fructosans. If the tissue contains fruetosans, it 
is necessary to hydrolyze them with acid, as shown in 10a 
below. Also, if the tissue contains high levels of 
sucrose, acid hydrolyze occasionally to check whether the 
enzyme has converted all sucrose to monomers. 
10a. Pipette an aliquot (containing 1.0 to 3-0 mg sugar) into 
a 25 X 200-mm test tube. Add enough sulfuric acid solu­
tion (e.g., 0.5 or 1.0 N HpSO^) to obtain an 0.1 N solu­
tion with the aliquot. Mix thoroughly and cover with a 
marble. Heat for I5 minutes in a boiling water bath. 
Cool and neutralize with an equivalent amount of sodium 
hydroxide solution (e.g., same amount of 0.5 or 1.0 K 
NaOH as the HgSO^ used). Analyze directly for reducing 
power. 
Analysis for reducing power ; 
Reducing power can be measured by several titration or 
colorometric procedures. However, interfering substances some­
times cause difficulties when using colorometric procedures. 
The Schaeffer-Somogy copperiodomecric titration method de­
scribed by Heinze and Murneek (1940) has proved the most 
acceptable method. The procedure is outlined below. 
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1. Add 10 ml of Reagent "50" to an aliquot of the unknown 
solution (up to 15 ml containing 1.0 to 3.0 mg sugar) to 
a 25 X 200 mm test tube. Mix thoroughly and cover with a 
marble. 
2. Test also an enzyme blank, Reagent "50" blank, and a 
monosaccharide standard solution blank. 
3» Heat tubes for 15 minutes in a boiling water bath with 
test tubes held firmly to avoid undue agitation. 
4. Cool test tubes in a cool water bath to less than 30°C. 
5. Add 2 ml potassium iodide-potassium oxalate solution to 
each tube, followed with 10 ml 1.0 N HgSO^. 
6. Rotate tubes to dissolve the cuprous oxide. 
7. Titrate with 0.02 N sodium thiosulfate using about 0.25 
ml gelatinized starch solution as the indicator. 
8. Sample calculations: 
Reagent "50" blank titration 
Enzyme blank titration 
2.0 rag glucose standard titration 
Unknown TNG titration 
Difference between Reagent "50" and 
Glucose standard = 4.70 
Difference between Enzyme and 
Unknown TNG = 4-. 95 
Amount of sugar in sample aliquot = 
^[yo X 4.95 = 2.11 mg glucose 
Percentage TNG in tissue = 
2.11 mg X dilution factor x 100 -r sample 
weight (mg) 
Solutions for TNG removal-
1. Suffer solution - Prepare buffer of pK 4^45 by mixing 
3 volumes 0.2 N acetic acid solution with 2 volumes 0.2 K 
sodium acetate solution. Add a small amount of powdered 
thymol (this dissolves slowly). Thymol helps prevent 
microorganism growth in the solution. Store in colored 
bottles. 
0.80 ml 
0.95 ml 
5.10 ml 
4.00 ml 
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0.2 N sodium acetate - dissolve 16.4 anhydrous sodium 
acetate with distilled water 
and bring to 1 liter volume 
0.2 N acetic acid dilute 11.4^ ml glacial acetic 
acid C.P. reagent ( 9 9 . 5  per­
cent pure) with distilled 
water to 1 liter volume 
2. 0.5^ takadiastase solution - add 5 ê "Clarase 900" to 1 
liter distilled water. Add a small amount of powdered 
thymol. Filter through Whatman #40 paper and store in 
dark in a colored bottle, preferably in a refrigerator. 
It will remain active for about 6 weeks. "Clarase 900" 
has been obtained from the Miles Laboratories, Inc., 
Elkhart, Indiana, 46514, and its activity is described in 
their Bulletin 10100-1. It is of fungal origin and con­
tains considerable saccharagenic activity. Disaccharides 
(i.e., sucrose, maltose) and starches are hydrolyzed to 
monomers. This takadiastase preparation has little, if 
any, celluletic or hemicelluletic activity. 
3. 10^ neutral lead acetate - add 10 g neutral lead acetate 
(PbACgOHgO) to 100 ml distilled water. 
Solutions for reducing power test; 
1. Reagent "50" - Dissolve 25 g anhydrous sodium carbonate 
and 25 g sodium potassium tartrate (Rochelle Salt) in 
about 600 ml of distilled water. Add 75 ml of a 10 per­
cent copper sulfate (CuSO^ .51^20) solution with a pipette 
extended below the surface of the liquid. Next add 20 g 
sodium bicarbonate, 1 g potassium iodide, and 200 ml po­
tassium iodate solution containing 3-56? g (Exactly) of 
pure KIOo per liter. Mix thoroughly, rinse into a liter 
volumetric flask, and bring to 1 liter volume with dis­
tilled water. 
Reagent "50" should be carefully prepared with high 
quality chemicals. The solution will remain unchanged 
for months if kept in a stoppered, colored Pyrex bottle 
and protected from strong light. The reagent's iodate 
content may be varied according to the amount of sugar to 
be determined. If reagents are made as directed, any 
quantity less than 4.40 mg of glucose or fructose per 
10 ml of solution may be determined. 
2. Potassium iodide-potassium oxalate solution - Dissolve 
2.5 g of each together in 100 ml of distilled water. 
Deterioration products may be avoided by making a new 
solution each week and storing it in a colored bottle in 
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a refrigerator. The presence of free iodine will cause 
considerable error in carbohydrate determinations. 
3. 1.0 N sulfuric acid - Pour 27 ml concentrated into 
a quantity of distilled water and dilute to 1 liter 
volume. The resulting solution is about normal. 
4. Starch indicator - Stir ca 1 g of soluble starch into 10 
to 15 ml cold distilled water. Heat 100 ml distilled 
water to boiling and add 1 g boric acid crystals. Add 
starch solution, allow to boil for about 1 minute, and 
cool slowly. Store in a refrigerator. 
5. 0.2 N sodium thiosulfate - Prepare an approximate 0.1 N 
stock solution by dissolving 25 g pure sodium thiosulfate 
and 1 g NaOH in distilled water and diluting to 1 liter. 
Allow this stock solution to stand several hours before 
making the 0.02 N solution. Store stock solution in a 
stoppered colored bottle protected from strong light. 
Make the 0.02 N titration solution by diluting 100 
ml stock solution to 500 ml. Make the dilated solution 
(ca 0.02 N) every few days because it does not maintain 
its stability as long as the stronger stock solution. 
The 0.1 N thiosulfate stock solution can be readily 
standardized with 0.1 N KpCr^O„. To prepare the latter 
solution, dry pure KgCrpOm ât^lOO°C; dissolve 4.9033g 
in distilled water and dilute to 1 liter. Transfer 25 ml 
standard dichromate to a large beaker containing 3 g 
potassium iodide and dilute to 500 to 600 ml with dis­
tilled water. Add 10 ml of concentrated HCl and titrate 
immediately with the thiosulfate solution. Add the 
starch indicator near the end of the titration. The 
solution turns from blue to light green at the end point. 
If thiosulfate used was pure, the titration will be a 
little less than 25 ml. The thiosulfate stock solution 
can be adjusted to 0.1 N by diluting with water. If the 
titration was 24.7 ml of thiosulfate, add 0.3 ml water to 
every 24.7 ml of thiosulfate or add 975'3/24.7 x 0.3 = 
11.8 ml of water to 975-3 ml of the remaining thiosul­
fate solution. The resulting solution should be 0.1 N 
and can be readily checked by titrating against 0.1 N 
dichromate. 
6. Sugar standard (1 mg/ml) - Dry ASC-grade glucose or 
fructose in a petri dish over PoOc in a dessicator. Care­
fully weigh 1 g of the sugar and transfer to a clean 1 
liter volumetric flask. Fill the flask to volume with a 
saturated solution of benzoic acid. Store in a refrig­
erator and remake at least every 6 months. 
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1 Appendix E2, Micro-Kjsldahl N Determination 
Procedure; 
Weigh 0.1 g of plant material into a 30 ml micro-Kjeldahl 
digestion flask, add approximately 1.5 to 2 g of catalyst, 2 ml 
of conc. sulfuric acid, and digest for 10 minutes after becom­
ing clear. Care should be taken to see that all carbonaceous 
material is swept down into the flask and digested. The diges­
tion is best carried out using an electrical heating unit. 
With sufficient heat the digestion is complete in 30-^5 minutes. 
An occasional blank determination should be made to de­
termine the purity of reagents and water. A blank determina­
tion is made by using the above specified amount of catalyst 
and sulfuric acid and a few crystals of sucrose (reagent 
grade). 
Allow the digested samples to cool until slightly uncom­
fortable to the hand, swirl to disperse the salt suspension and 
add about 10 ml of water. If water is added before sufficient 
cooling has occurred, spattering will occur and complete dis­
solution will not be effected. The salts are also difficult 
to dissolve if allowed to cool to room temperature before the 
addition of water. Complete dissolution is very desirable as 
ix facilitates transfer of the contents to the distillation 
flask with a minimum of water. 
The samples are transferred to a distillation apparatus 
made basic with 7-5 ml of conc. NaOH containing sodium thio-
sulfate, and steam distilled into 5 ml of ^fo boric acid con­
taining one or two drops of indicator. About 20 ml of dis­
tillate is collected. In collecting the distillate, it is 
very important that the tip of the condenser be kept just be­
neath the surface of the boric acid solution. Near the end of 
the distillation, the boric acid solution is lowered, the con­
denser allowed to drip for about one minute and the tip 
finally rinsed into the boric acid with a little water. 
The distillate is titrated with standardized 0.01 N HGl. 
All samples should be titrated to the same end point as the 
blank. The blank titrations are usually zero and should not 
be more than 0.10 to 0.12 ml. 
^Adapted from Perrin (1953)* 
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Calculations a 
(F -V, )(N HC1)(14) 
Percentage N = („t sample In mg) 
Fg = volume HCl used to titrate sample 
= volume HCl used to titrate blank 
N HCl = normality of HCl 
14 = mol. wt of N 
It should be noted that the (N HCl)(14) is a cfpnstant 
for a given normality of HCl and may be used in place of the 
above two factors. 
The sodium thiosulfate is added to reduce the mercuric 
ions. The mercuric ion forms a stable complex with ammonia 
and must be reduced during steam distillation. 
Percentage N x 6.25 = percentage crude protein 
Reagents; 
Ammonia-free water: Ammonia-free water may be obtained 
by passing distilled water through a mixed resin column 
(amberlite MB-1) or by treating with permutite. In the follow­
ing discussion all references to water implies ammonia-free 
distilled water. 
Base: Dissolve 200 g of reagent grade sodium hydrozide 
and 25 g of reagent grade sodium thiosulraxe pentahydrate in 
water and dilute to ^00 ml. 
Percent boric acid: Dissolve 40 g of H-BO^ in water and 
dilute to 1 liter. ^ 
0.01 N HCl: Prepare a solution approximately 0.01 N by 
diluting 0.95 ml of conc. HCl to 1 liter. Standardize by 
titrating with a freshly standardized .04 N NaOH to phenol-
phthalein end point. 
Mixed indicator: Dissolve 0.225 g of methyl red and 
0.082 ê of methylene blue indicator in absolute ethanol. 
Dilute to 100 ml with absolute ethanol and store in 
refrigerator. 
Phenylalanine standard; Dissolve O.I652 g of phenyla­
lanine in water and dilute to 100 ml. Digest 5 ml of this 
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solution in the manner described below. A 5 ml aliquot con­
tained 0.05 meq of nitrogen. 
Catalyst » 
100 g KgSO^ 10 g CuSO^'^HgO 1 g Selenium 
Crush down with pistil and mortar. Add approximately 
1.1 g to each volumetric. 
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Appendix S3. The Tilley and Terry Technique for the in vitro 
Digestion of Forage Crops as Adapted 
fr-T TTap at thA Tnwa S+.n+.innl 
Sample preparation; 
Plant material harvested in the field and dried in a 
forced draft oven at 70-75°G is ground through a medium mesh 
(1.2-1.3 mm) screen of a Wiley mill and stored in 2-oz bottles 
for laboratory use. The samples in these uncapped, glass 
bottles are dried in a forced draft oven at 75°C for 24 hrs. 
The bottles are tightly capped and cooled several hours before 
samples (O.5O g) are weighed onto papers. The weighed sample 
is either transferred immediately into a numbered centrifuge 
tube (capacity 100 ml) ready for inoculation or it is wrapped 
and labeled for later analysis. However, it is better that 
samples are not weighed more than one week in advance. 
Controls; 
1. Blanks. Four tubes containing 50 ml each of buffer-
rumen mixture. 
2. High Standard. Two tubes contain a sample of known 
digestibility. 
3. Low Standard. Two tubes contain a sample of known 
digestibility. 
Inoculation day; 
The waterbath is filled with distilled water and adjusted 
to 39-^0°C. (Refilling is usually needed each day.) The pH 
meter is turned on to "Standby". McDougall solution is mea­
sured out for the number of tubes used. A large Erlenmeyer 
is placed in a water bath, and bubbled with COg for approximate­
ly 1/2 hr - usually the 1/2 hr just before sampling. Periodic 
checks are made until the buffer is between 6.0 and 6.9 depend­
ing on the pH of the irumen fluid. The solution is then 
bubbled lightly until used. 
I 
Rumen fluid is obtained at 10 a.m. from a fistulated cow 
maintained on a constant ration of hay, grain, and mineral 
supplement. No feed is supplied the morning before sampling. 
^Adapted from Tilley and Terry (1963). 
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the cow is allowed access to water at all times and she is 
fed immediately after sampling. A hand pump is used to ob­
tain rumen fluid and pre-warmed thermos (filled with hot water) 
is used for transporting the rumen sample to the laboratory. 
In the laboratory, the rumen fluid is filtered through 
four layers of cheese cloth and funneled into a graduated 
cylinder. The required amount of rumen fluid for the number 
of tubes used is added to the buffer solution. The solution 
is swirled, and a pH is taken on the mixture and on the rumen 
fluid. 
The Erlenmeyer flask containing the buffer-rumen fluid is 
transferred to a magnetic stirrer where it is kept while adding 
the buffer solution to the tubes in two 25 ml aliquots using 
an automatic pipetting machine. After all the samples are 
inoculated, each tube is flushed with GOg for 10 seconds using 
a gas dispersion tube and then stoppered with bunsen valves. 
The tubes are swirled four times a day. Water level is 
maintained at approximately 1/2 inch above the tube contents. 
Stage 1 completion; 
Forty-eight hours after inoculation, the tubes are re­
moved from the waterbath and the stoppers are removed. After 
removal, if any residue adheres to the stoppers it is rinsed 
with distilled water back into the corresponding test tube. 
One ml of HgCl? is added to all tubes followed by 2 ml of 
NagCO^; this is most easily done with syringes. Tubes are 
policed down, swirled, and balanced with distilled water and 
then centrifuges for 10 minutes at 2240 rpm. 
The supernatant liquid is decanted off very carefully and 
50 ml of acid-pepsin solution are added using the automatic 
pipetting machine. This acid-pepsin solution should not be 
made too far in advance to its use—probably one hour would be 
sufficient. The tubes are scraped down with a rubber policeman 
which is rinsed with a minimal amount of distilled water, and 
returned to the waterbath to start stage 2. No stoppers are 
used for this stage. 
A swirling schedule of four times a day is again main­
tained during this stage. 
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Stage 2 completion: 
Forty-eight hours after stage 2 "began, samples are removed 
from the waterhath. Each sample (residue and supernatant) is 
immediately filtered by vacuum through a sintered glass cruci­
ble that was previously dried at lOQOC for 24-36 hours, cooled 
in dessicators (about 1 hr), and weighed. The side of each 
test tube is policed down and washed into the corresponding 
crucible. The crucibles are returned to the oven, dried at 
IOQOC for 24-36 hours, cooled in dessicators, and weighed. 
The sintered glass crucibles are then scraped and ashed in a 
muffle furnace. This takes about 3 hours until the matter 
becomes white ash. The white ash is blown out of the crucibles 
using a plastic tubing attached to the "air" outlet. 
Calculations; 
Percentage DDK = ( • 500 k-( sample-i-cruclble-crueible-blank) ) ^ 
McDougall solution (in vitro buffer): 
Each compound is put into solution separately; pour part 
of the distilled water into the large flask and in the order 
given add the following one at a time. The larger quantities 
can be weighed on the single beam balance and the smaller 
ones on the analytical balance. 
NaHCOj 
-sZl 
9 .80  
7 . 0 0  
or NaHP04'2H20 
or NaHPOij, only 
4 . 6 5  
3 . 7 1  
KCl 
NaCl 
MgSOju'7HpO 
CaClj 
0. 5 7  
0.47 
0.12 
0.04 
or CaCl2'2H20 . 0 5  
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Buffer-Rumen Acid-Pepsin 
HgClg 
NaCO^ 
N HCl 
10 tubes = 4^0 ml distilled 
water 
1 gr pepsin 
50 ml N HCl 
60 tubes = 2700 ml distilled 
wate r 
6 gr pepsin 
300 ml N HCl 
75 tubes = 3376 ml distilled 
water 
7.5 gr pepsin 
375 ml N HCl 
100 tubes = 4500 ml distilled 
water 
10 gr pepsin 
500 ml N HCl 
50 gr HgCl2 made up to 1 liter distilled HgO 
106 gr NagCO^ made up to 2 liters distilled H2O 
166 ml of concentrated HCl made up to liters distilled 
HgO^ 
48 tubes = 1920 ml buffer 
430 ml rumen fluid 
54 tubes = 2160 ml buffer 
540 ml rumen fluid 
60 tubes = 2400 ml buffer 
600 ml rumen fluid 
75 tubes = 3000 ml buffer 
750 ml rumen fluid 
96 tubes = 3840 ml buffer 
960 ml rumen fluid 
Only if concentrated HCl bottle label notes a specific 
gravity 1.18 gr/ml and a purity 37 percent. If either quantity 
is different recalculate amount HCl required as follows; 
ml of conc. meg of HCl 
HCl required specific gravity x percent purity 
3:%1^2S"Tn X normality desired . 
172 
1 
Appendix E4. Forage Fiber Analyses 
2 Analytical procedures; 
Neutral-detergent (cell wall) - The neutral-detergent 
procedure for cell-wall constituents is a rapid method for 
analyzing the total fiber in vegetable feedstuffs. It 
appears to divide the dry matter of feeds very near the point 
that separates the nutritively available (98 percent) and 
soluble constituents from those that are incompletely avail­
able and dependent on a microbial fermentation. 
Reagents required; 1 through 4 
1. Weigh 0.5- to 1.0-g air-dry sample ground to pass 20 
to 30 mesh (1-mra) or equivalent into a beaker of a 
re fluxing apparatus. 
2. Add in order, 100 ml cold (room temperature) neutral-
detergent solution, 2 ml decahydronaphthalene, and 
0.5 g sodium sulfite with a calibrated scoop. Heat 
to boiling in 5 to 10 minutes. Reduce heat as boil­
ing begins to avoid foaming. Adjust boiling to an 
even level and reflux for 60 minutes, timed from 
onset of boiling. 
3. Place previously tared Gooch cricibles on filter 
manifold. Swirl beaker to suspend solids, and fill 
crucible. Do not admit vacuum until after crucible 
has been filled. Use low vacuum at first and increase 
it only as more force is needed. Rinse sample into 
crucible with minimum of hot (9O-IOOOC) water. Remove 
vacuum, break up mat, and fill crucible with hot 
water. Filter liquid and repeat washing procedure. 
4. Wash twice with acetone in same manner and suck dry. 
Dry crucibles at 100°C for 8 hours or overnight and 
weigh. 
5. Report yield of recovered neutral-detergent fiber as 
percent of cell-wall constituents. Estimate cell 
soluble material by subtracting this value from 100. 
6. Ash residue in the crucible for 3 hours at 500° to 
After Goering and Van Soest (1970). 
2 Numbers given after "Reagents required" refer to numbers 
in the reagent section. 
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550°C and weigh. Report ash content as ash insoluble. 
Acid-detergent fiber - The acid-detergent fiber procedure 
provides a rapid method for lignocellulose determination in 
feedstuffs. The residue also includes silica. The difference 
between the cell walls and acid-detergent fiber is an estimate 
of hemicellulose; however, this difference does include some 
protein attached to cell walls. The acid-detergent fiber is 
used as a preparatory step for lignin determination. 
Reagents required: 2, 3, and 5« 
1. Weigh 1 g air-dry sample ground to pass 20- to 30-
mesh (l-mm) screen or the approximate equivalent of 
wet material into a beaker suitable for refluxing. 
2. Add 100 ml cold (room temperature) acid-detergent 
solution and 2 ml decahydronaphthalene. Heat to 
boiling in 5 to 10 minutes. Reduce heat as boiling 
begins to avoid foaming. Reflux 60 minutes from 
onset of boiling; adjust boiling to a slow, even level. 
3. Filter on a previously tared Gooch crucible, which 
is set on the filter manifold; use light suction. 
Break up the filtered mat with a rod and wash twice 
with hot water (90-100°C). Rinse sides of the 
crucible in the same manner. 
5. Optional wash with hexane. Hexane should be added 
while crucible still contains some acetone. (Hexane 
can be omitted if lumping is not a problem in lignin 
analysis.) Suck the acid-detergent fiber free of 
hexane and dry at 100°C for 8 hours or overnight and 
weigh. 
6. Calculate acid-detergent fiber; 
(Wq-W^)(100)/S = ADF 
where; = weight of oven-dry crucible including 
fiber 
V/^ = tared weight of oven-dry crucible 
S = oven-dry sample weight . 
Permanganate lignin, cellulose, insoluble ash, and 
silica - An indirect method to determine lignin was developed 
that makes possible the preparation of cellulose and insoluble 
ash in the same sample. The insoluble ash is an estimate of 
total silica content, which in many grasses is a primary factor 
in reducing digestibility. The permanganate lignin method is 
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an alternative procedure to the 72 percent sulfuric acid 
method; each has its own advantages. Choice of methods de­
pends on materials analyzed and on the purpose for which the 
values are to he used. 
Advantages of the permanganate method over the 72 percent 
acid method include a shorter procedure for lignin per se 
while the residue is reserved for further analysis of cellu­
lose and silica. The permanganate reagents are much less 
corrosive and require no standardization. The residue requires 
no filter aids, and lignin values are not subject to some in­
terferences that affect 72 percent sulfuric acid lignin. 
Values are less affected by heat-damage artifacts and are 
closer to a true lignin figure. 
One disadvantage to permanganate lignin is that large 
particles are poorly penetrated by the reagents and yield low 
values. Consequently, all materials must be dried and ground 
to pass through a 20- to 30-mesh (less than 1 mm) screen, and 
the method is not applicable to fresh feces and forages that 
have been ground in a meat grinder. 
Theory of the method: interfering matter is removed by 
preparing acid-detergent fiber, which is chiefly composed of 
lignin, cellulose, and insoluble minerals. Lignin is oxidized 
with an excess of acetic acid-buffered potassium permanganate 
solution, containing trivalent iron and monovalent silver as 
catalysts. Deposited manganese and iron oxides are dissolved 
with an alcoholic solution of oxalic and hydrochloric acids, 
which leaves cellulose and insoluble minerals. Lignin is 
measured as the weight lost by these treatments; whereas, 
cellulose is determined as the weight loss upon ashing. The 
ash residue is mainly silica and much of the nonsilica matter 
can be removed by leaching with concentrated hydrobromic acid. 
Reagents required: 2, 3, 5. 6, 9, through 14. 
1. Dry samples at less than 65°C and grind through 20-
to 30-mesh (1 mm) screen. Prepare and determine acid-
detergent fiber according to standard procedure. 
Use a 1 g sample, except on samples containing a high 
amount of lignin (15 percent or more) use 0.5-ê 
sample. Place previously weighed crucibles in a 
shallow enamel pan containing cold water to a depth 
of about 1 cm. Fiber in crucibles should not be wet. 
2. Add about 25 ml of combined saturated potassium per­
manganate and lignin buffer solution (2:1 by volume) 
to the crucibles in the enamel pan containing cold 
water. Adjust level (2-3 cm) of water in pan to re­
duce flow of solution out of crucibles. Place a 
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short glass rod in each crucible to stir contents, 
to break lumps, and to draw permanganate solution up 
on sides of crucibles to wet all particles. 
3. Allow crucibles to stand at 20 to 25°C for 90 ± 10 
minutes; add more mixed permanganate solution if 
necessary. Purple color must be present at all times. 
4. Remove crucibles to filtering apparatus. Suck dry. 
Do not wash. Place in a clean enamel pan, and fill 
crucibles no more than half full with demineralizing 
solution. Demineralizing solution may be added di­
rectly to crucibles in case filtering is difficult. 
Care must be taken to avoid spillage by foaming. 
After about 5 minutes, suck dry on filter and refill 
half full with demineralizing solution. Repeat after 
second interval if solution is very brown. Rinse 
sides of crucibles with solution from a wash bottle 
with a fine stream. Treat until fiber is white. 
Total time required is 20 to 30 minutes. 
5. Fill and thoroughly wash crucible and contents with 
80 percent ethanol. Suck dry and repeat two times. 
Wash twice in similar manner with acetone. Suck dry. 
6. Dry at 100°C overnight and weigh. Calculate lignin 
content as loss in weight from acid-detergent fiber. 
7. Ash at 500°C for 3 hours, cool, and weigh. Calculate 
residual ash as the difference between this weight 
and original tare of crucible. Calculate cellulose 
by weight loss upon ashing. 
8. A presumptive analysis for silica may be obtained by 
hydrobromic acid treatment of the ashed permanganate 
lignin or ADF residue. This determination has its 
greatest value when the residual ash is greater than 
25 percent. Ash and weigh, then add enough drops of 
48 percent HBr to moisten all particles. Use no 
more than 4 ml acid. Allow to stand 1 to 2 hours. 
Add more drops of HBr if much red color forms. Suck 
off excess acid on vacuum and wash once with acetone. 
Use no water. Dry and ash briefly at 500°C. Cool and 
weigh. Report silica as the difference between this 
weight and the original tare. 
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Reagents; 
1. Neutral-detergent solution -
Distilled water 1 1 
g 30 Sodium lauryl sulfate, USP 
Disodium ethylene-
diaminetetraacetate.(EDTA), 
dihydrate crystal, 
reagent grade g 18.61 
g 6.81 
g 4.56 
Sodium borate decahydrate, 
reagent grade 
Disodium hydrogen phosphate, 
anhydrous, reagent grade 
2-ethoxyethanol (ethylene 
glycol monoethyl ether) 
purified grade ml 10 
Put EDTA and H2O together in a large 
beaker, add some of the distilled water, and heat until 
dissolved; then add to solution containing sodium lauryl 
sulfate and 2-ethoxyethanol (ethylene glycol monoethyl 
ether). Put Na2HP0^ in beaker, add some of the distilled 
water, and heat until dissolved; then add to solution con­
taining other ingredients. 
Check pH to range 6.9 to 7.1. If solution is properly 
made, pH adjustment will rarely be required. 
2. Decahydronaphthalene—reagent grade. 
3. Acetone—use grade that is free from color and 
leaves no residue upon evaporation. 
4. Sodium sulfite—anhydrous, reagent grade. 
5. Acid-detergent solution— 1 
Sulfuric acid, reagent 
standardized to 1 N 
(100^1 assay) g 49.04 
Getyl trimethylammonium 
bromide (CTAB), technical 
grade g 20 
Weigh sulfuric acid and make up to volume with dis­
tilled water at 20^0. Check normality by titration be­
fore addition of detergent. Then add CTAB and stir. 
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7.^ Asbestos— 
8, Sulfuric acid, 72 percent by weight— 
9. Saturated potassium permanganate— 
Distilled water 
KMnO^ reagent grade 
Ag^SO^ reagent grade 
1 
g 
g 
1 
0.05 
Dissolve KMnOh and AggSO^ in distilled water. Keep 
out of direct sunlight. Add silver sulfate to dehalo-
genate the reagent. 
10. Lignin buffer solution--
Dissolve ferric nitrate nonahydrate (Fe(N02)-5*9H2) ) 
and silver nitrate in distilled water. Combine with 
acetic acid and potassium acetate. Add tertiary butyl 
alcohol and mix. Use grades of acid and solvent passing 
dicromate test (ACS). 
11. Combined permanganate solution—combine and mix 
saturated potassium permanganate and lignin buffer 
solution in the ratio of 2:1, by volume, before use. 
Unused mixed solution may be kept about a week in a 
refrigerator in the absence of light. Solution is 
usable if purple and containing no precipitate. Old 
solutions assume a reddish color and should be dis­
carded. 
12. Demineralizing solution— 
Oxalic acid dihydrate g 50 
95 percent ethanol ml 700 
Concentrated (about 12N) 
Ferric nitrate nonahydrate 
Silver nitrate 
Acetic acid, glacial 
Potassium acetate 
Tertiary butyl alcohol 
Distilled water 
g 6 
g .15 
ml 500 
g , 5 
ml 400 
ml 100 
hydrochloric acid 
Distilled water 
50 
250 
^Reagents 7 and 8 are used to determine acid-detergent 
lignin, which was not included in the analyses. 
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Dissolve oxalic acid dihydrate in 95 percent ethanol. 
Add concentrated hydrochloric acid and distilled 
water and mix. 
13. Ethanol SO percent— 
95 percent ethanol ml 8^5 
Distilled water ml 155 
14. Hydrobromic acid, reagent grade. 
15. Cleaning solution--
Distilled water 1 1 
Diso dium ethylene diamine tetra­
acetate (EDTA), dihydrate 
crystal, reagent grade g 5 
Trisodium phosphate, 
laboratory grade g 50 
Potassium hydroxide g 200 
16. 0.1 N HCl—Add 17 ml 6 N HCl to 1 1. of distilled 
water. Need not be standardized. 
